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* Welcome to STN International ********** 

Web Page URLs for STN Seminar Schedule - N . America 
"Ask CAS" for self-help around the clock 
Pre-1988 INPI data added to MAR PAT 

STN AnaVist, Version 1.1, lets you share your STN AnaVist 
visualization results 

The IPC thesaurus added to additional patent databases on STN 

Updates in EPFULL; IPC 8 enhancements added 

New STN AnaVist pricing effective March 1, 2006 

Updates in PATDPA; addition of IPC 8 data without attributes 

EMBASE is now updated on a daily basis 

New IPC 8 fields and IPC thesaurus added to PATDPAFULL 
Bibliographic data updates resume; new IPC 8 fields and IPC 
thesaurus added in PCTFULL 

STN AnaVist $500 visualization usage credit offered 
LINSPEC, learning database for INSPEC, reloaded and enhanced 
Improved structure highlighting in FQHIT and QHIT display 
in MAR PAT 

Derwent World Patents Index to be reloaded and enhanced during 
second quarter; strategies may be affected 
CA/CAplus enhanced with 1900-1906 U.S. patent records 
KOREAPAT updates resume 

Derwent World Patents Index to be reloaded and enhanced 
IPC 8 Rolled-up Core codes added to CA/CAplus and 
US PAT FULL/US PAT2 

The F-Term thesaurus is now available in CA/CAplus 

FEBRUARY 15 CURRENT VERSION FOR WINDOWS IS V8.01a, 
CURRENT MACINTOSH VERSION IS V6.0c(ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 19 DECEMBER 2005. 
V8.0 AND V8.01 USERS CAN OBTAIN THE UPGRADE TO V8.01a AT 
http: / /download . cas . org/express/v8 . 0-Discover/ 



NEWS HOURS STN Operating Hours Plus Help Desk Availability 

NEWS LOGIN Welcome Banner and News Items 

NEWS IPC8 For general information regarding STN implementation of IPC 8 

NEWS X25 X.25 communication option no longer available after June 2006 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************** STN Columbus *************** 
FILE 'HOME' ENTERED AT 21:40:27 ON 01 JUN 2006 
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FILE ' US PAT FULL ' ENTERED AT 21:40:50 ON 01 JUN 2006 

CA INDEXING COPYRIGHT (C) 2006 AMERICAN CHEMICAL SOCIETY (ACS) 



FILE COVERS 1971 TO PATENT PUBLICATION DATE: 1 Jun 2006 ( 20060601/ PD) 

FILE LAST UPDATED: 1 Jun 2006 (20060601/ED) 

HIGHEST GRANTED PATENT NUMBER: US7055175 

HIGHEST APPLICATION PUBLICATION NUMBER: US20061174 4 8 

CA INDEXING IS CURRENT THROUGH 30 May 2006 ( 20060530/UPCA) 

ISSUE CLASS FIELDS (/INCL) CURRENT THROUGH: 1 Jun 2006 ( 20060601/ PD) 

REVISED CLASS FIELDS (/NCL) LAST RELOADED: Feb 2006 

USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Feb 2006 
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LI ANSWER 1 OF 2 USPATFULL on STN 

2005:188895 Nucleic acid vaccines for prevention of flavivirus infection. 
Chang, Gwong- Jen J, Fort Collins, CO, UNITED STATES 
US 2005163804 Al 20050728 

APPLICATION: US 2003-500796 Al 20020404 (10) 
WO 2002-US10764 20020404 
DOCUMENT TYPE: Utility; APPLICATION. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT . 

LI ANSWER 2 OF 2 USPATFULL on STN 

2003:30900 Nucleic acid vaccines for prevention of flavivirus infection. 
Chang, Gwong-Jen J., Fort Collins, CO, UNITED STATES 
US 2003022849 Al 20030130 

APPLICATION: US 2001-826115 Al 20010404 (9) 
PRIORITY: US 1998-87908P 19980604 (60) 
DOCUMENT TYPE: Utility; APPLICATION. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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LI ANSWER 1 OF 2 USPATFULL on STN 

2005:188895 Nucleic acid vaccines for prevention of flavivirus infection. 
Chang, Gwong-Jen J, Fort Collins, CO, UNITED STATES 
US 2005163804 Al 20050728 

APPLICATION: US 2003-500796 Al 20020404 (10) 
WO 2002-US10764 20020404 
DOCUMENT TYPE: Utility; APPLICATION. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention encompasses isolated nucleic acids containing 

transcriptional units which encode a signal sequence of one flavivirus 
and an immunogenic flavivirus antigen of a second flavivirus or of a 
chimeric immunogenic flavivirus antigen comprising sequence from more 
than one flavivirus. The invention further encompasses a nucleic acid 
and protein vaccine and the use of the vaccine to immunize a subject 
against flavivirus infection. The invention also provides antigens 
encoded by nucleic acids of the invention, antibodies elicited in 
response to the antigens and use of the antigens and/or antibodies in 
detecting flavivirus or diagnosing flavivirus infection. 

CLM What is claimed is: 

1. An isolated nucleic acid comprising a transcriptional unit encoding a 
signal sequence of a structural protein of a first flavivirus and an 
immunogenic flavivirus antigen of a second flavivirus, wherein the 
transcriptional unit directs the synthesis of the antigen. 

2. The nucleic acid of claim 1, wherein the signal sequence is a 
Japanese encephalitis virus signal sequence. 

3. The nucleic acid of claim 1, wherein the immunogenic flavivirus 
antigen is of a flavivirus selected from the group consisting of yellow 
fever virus, dengue serotype 1 virus, dengue serotype 2 virus, dengue 
serotype 3 virus, dengue serotype 4 virus, Japanese encephalitis virus, 
Powassan virus and West Nile virus. 

4. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of West Nile virus. 

5. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of yellow fever virus. 



6. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of St. Louis encephalitis virus. 

7. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of Powassan virus. 

8. The nucleic acid of claim 1, wherein the antigen is selected from the 
group consisting of an M protein of a flavivirus, an E protein of a 
flavivirus, both an M protein and an E protein of a flavivirus, a 
portion of an M protein of a flavivirus, a portion of an E protein of a 
flavivirus and both a portion of an M protein of a flavivirus and a 
portion of an E protein of a flavivirus or any combination thereof. 

9. The nucleic acid of claim 8, wherein the antigen is both the M 
protein and the E protein of a flavivirus. 

10. The nucleic acid of claim 1, wherein the nucleic acid is DNA. 

11. The nucleic acid of claim 10, comprising a nucleotide sequence 
selected from the group consisting of SEQ ID NO: 15, SEQ ID NO: 19, SEQ ID 
N0:21 and SEQ ID NO:23. 

12. The nucleic acid of claim 1, wherein the transcriptional unit 
comprises a control sequence disposed appropriately such that it 
operably controls the synthesis of the antigen. 

13. The nucleic acid of claim 12, wherein the control sequence is the 
cytomegalovirus immediate early promoter. 

14. The nucleic acid of claim 1, comprising a Kozak consensus sequence 
located at a translational start site for a polypeptide comprising the 
antigen encoded by the TU. 

15. The nucleic acid of claim 1 wherein the transcriptional unit 
comprises a poly-A terminator. 

16. A cell comprising the nucleic acid of claim 1. 

17. A composition comprising the nucleic acid of claim 1 and a 
pharmaceutically acceptable carrier. 

18. A method of immunizing a subject against infection by a flavivirus, 
comprising administering to the subject an effective amount of the 
composition of claim 17. 

19. The method of claim 18, wherein the flavivirus antigen is of a 
flavivirus selected from the group consisting of yellow fever virus, 
dengue serotype 1 virus, dengue serotype 2 virus, dengue serotype 3 
virus, dengue serotype 4 virus, Japanese encephalitis virus, Powassan 
virus and West Nile virus. 

20. The method of claim 18, wherein the antigen is selected from the 
group consisting of an M protein of a flavivirus, an E protein of a 
flavivirus, both an M protein and an E protein of a flavivirus, a 
portion of an M protein of a flavivirus, a portion of an E protein of a 
flavivirus and both a portion of an M protein of a flavivirus and a 
portion of an E protein of a flavivirus or any combination thereof. 

21. The method of claim 20, wherein the antigen is both the M protein 
and the E protein of a flavivirus, and wherein a cell within the body of 
the subject, after incorporating the nucleic acid within it, secretes 
subviral particles comprising the M protein and the E protein. 

22. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of West Nile virus. 

23. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of yellow fever virus. 

24. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of St. Louis encephalitis virus. 

25. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of Powassan virus. 



26. The method of claim 18, comprising administering the composition to 



27. The method of claim 18, wherein the composition is administered via 
a parenteral route. 

28. The nucleic acid of claim 1, wherein the antigen is a St. Louis 
encephalitis virus antigen. 

29. The method of claim 18, wherein the antigen is a St. Louis 
encephalitis virus antigen. 

30. The nucleic acid of claim 1, wherein the antigen is a Japanese 
encephalitis virus antigen. 

31. The method of claim 18, wherein the antigen is a Japanese 
encephalitis virus antigen. 

32. The nucleic acid of claim 1, wherein the antigen is a yellow fever 
virus antigen. 

33. The method of claim 18, wherein the antigen is a yellow fever virus 
antigen. 

34. The nucleic acid of claim 1, wherein the antigen is a dengue virus 
antigen. 

35. The method of claim 18, wherein the antigen is a dengue virus 
antigen. 

36. The nucleic acid of claim 1, wherein the antigen is a West Nile 
virus antigen. 

37. The method of claim 18, wherein the antigen is a West Nile virus 
antigen . 

38. An antigen produced from the nucleic acid of claim 1. 

39. A method of detecting a flavivirus antibody in a sample, comprising: 
(a) contacting the sample with the antigen of claim 38 under conditions 
whereby an antigen/antibody complex can form; and {b) detecting 
antigen/antibody complex formation, thereby detecting a flavivirus 
antibody in the sample. 

40. An antibody produced in response to immunization by the antigen of 
claim 38. 

41. A method of detecting a flavivirus antigen in a sample, comprising: 
(a) contacting the sample with the antibody of claim 40 under conditions 
whereby an antigen/antibody complex can form; and (b) detecting 
antigen/antibody complex formation, thereby detecting a flavivirus 
antigen in a sample. 

42. A method of diagnosing a flavivirus infection in a subject, 
comprising: (a) contacting a sample from the subject with the antigen 
of claim 38 under conditions whereby an antigen/antibody complex can 
form; and (b) detecting antigen/antibody complex formation, thereby 
diagnosing a flavivirus infection in a subject. 

43. A method of diagnosing a flavivirus infection in a subject, 
comprising: (a) contacting a sample from the subject with the antibody 
of claim 40 under conditions whereby an antigen/antibody complex can 
form; and (b) detecting antigen/antibody complex formation, thereby 
diagnosing a flavivirus infection in a subject. 



LI ANSWER 2 OF 2 US PAT FULL on STN 

2003:30900 Nucleic acid vaccines for prevention of flavivirus infection. 
Chang, Gwong-Jen J. , Fort Collins, CO, UNITED STATES 
US 2003022849 Al 20030130 

APPLICATION: US 2001-826115 Al 20010404 (9) 
PRIORITY: US 1998-87908P 19980604 (60) 
DOCUMENT TYPE: Utility; APPLICATION. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention encompasses isolated nucleic acids containing 

transcriptional units which encode a signal sequence of one flavivirus 
and an immunogenic flavivirus antigen of a second flavivirus. The 
invention further encompasses a nucleic acid and protein vaccine and the 
use of the vaccine to immunize a subject against flavivirus infection. 
The invention also provides antigens encoded by nucleic acids of the 
invention, antibodies elicited in response to the antigens and use of 
the antigens and/or antibodies in detecting flavivirus or diagnosing 
flavivirus infection. 

CLM What is claimed is: 



signal sequence of a structural protein of a first flavivirus and an 
immunogenic flavivirus antigen of a second flavivirus, wherein the 
transcriptional unit directs the synthesis of the antigen. 

2. The nucleic acid of claim 1, wherein the signal sequence is a 
Japanese encephalitis virus signal sequence. 

3. The nucleic acid of claim 1, wherein the immunogenic flavivirus 
antigen is of a flavivirus selected from the group consisting of yellow 
fever virus, dengue serotype 1 virus, dengue serotype 2 virus, dengue 
serotype 3 virus, dengue serotype 4 virus, Japanese encephalitis virus, 
Powassan virus and West Nile virus. 

4. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of West Nile virus. 

5. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of yellow fever virus. 

6. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of St. Louis encephalitis virus. 

7. The nucleic acid of claim 1, wherein the transcriptional unit encodes 
a signal sequence of Japanese encephalitis virus and an M protein and an 
E protein of Powassan virus. 

8. The nucleic acid of claim 1, wherein the antigen is selected from the 
group consisting of an M protein of a flavivirus, an E protein of a 
flavivirus, both an M protein and an E protein of a flavivirus, a 
portion of an M protein of a flavivirus, a portion of an E protein of a 
flavivirus and both a .portion of an M protein of a flavivirus and a 
portion of an E protein of a flavivirus or any combination thereof. 

9. The nucleic acid of claim 8, wherein the antigen is both the M 
protein and the E protein of a flavivirus. 

10. The nucleic acid of claim 1, wherein the nucleic acid is DNA. 

11. The nucleic acid of claim 10, comprising a nucleotide sequence 
selected from the group consisting of SEQ ID NO: 15, SEQ ID NO: 19, SEQ ID 
N0:21 and SEQ ID NO:23. 

12. The nucleic acid of claim 1, wherein the transcriptional unit 
comprises a control sequence disposed appropriately such that it 
operably controls the synthesis of the antigen. 

13. The nucleic acid of claim 12, wherein the control sequence is the 
cytomegalovirus immediate early promoter. 

14. The nucleic acid of claim 1, comprising a Kozak consensus sequence 
located at a translational start site for a polypeptide comprising the 
antigen encoded by the TU. 

15. The nucleic acid of claim 1 wherein the transcriptional unit 
comprises a poly-A terminator. 

16. A cell comprising the nucleic acid of claim 1. 

17. A composition comprising the nucleic acid of claim 1 and a 
pharmaceutically acceptable carrier. 

18. A method of immunizing a subject against infection by a flavivirus, 
comprising administering to the subject an effective amount of the 
composition of claim 17. 

19. The method of claim 18, wherein the flavivirus antigen is of a 
flavivirus selected from the group consisting of yellow fever virus, 
dengue serotype 1 virus, dengue serotype 2 virus, dengue serotype 3 
virus, dengue serotype 4 virus, Japanese encephalitis virus, Powassan 
virus and West Nile virus. 

20. The method of claim 18, wherein the antigen is selected from the 
group consisting of an M protein of a flavivirus, an E protein of a 
flavivirus, both an M protein and an E protein of a flavivirus, a 
portion of an M protein of a flavivirus, a portion of an E protein of a 
flavivirus and both a portion of an M protein of a flavivirus and a 
portion of an E protein of a flavivirus or any combination thereof. 



21. The method of claim 20, wherein the antigen is both the M protein 



the subject, after incorporating the nucleic acid within it, secretes 
subviral particles comprising the M protein and the E protein. 

22. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of West Nile virus. 

23. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of yellow fever virus. 

24. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of St. Louis encephalitis virus. 

25. The method of claim 18, wherein the transcriptional unit encodes a 
signal sequence of Japanese encephalitis virus, and an M protein and an 
E protein of Powassan virus. 

26. The method of claim 18, comprising administering the composition to 
the subject in a single dose. 

27. The method of claim 18, wherein the composition is administered via 
a parenteral route. 

28. The nucleic acid of claim 1, wherein the antigen is a St. Louis 
encephalitis virus antigen. 

29. The method of claim 18, wherein the antigen is a St. Louis 
encephalitis virus antigen. 

30. The nucleic acid of claim 1, wherein the antigen is a Japanese 
encephalitis virus antigen. 

31. The method of claim 18, wherein the antigen is a Japanese 
encephalitis virus antigen. 

32. The nucleic acid of claim 1, wherein the antigen is a yellow fever 
virus antigen. 

33. The method of claim 18, wherein the antigen is a yellow fever virus 
antigen . 

34. The nucleic acid of claim 1, wherein the antigen is a dengue virus 
antigen . 

35. The method of claim 18, wherein the antigen is a dengue virus 
antigen . 

36. The nucleic acid of claim 1, wherein the antigen is a West Nile 
virus antigen. 

37. The method of claim 18, wherein the antigen is a West Nile virus 
antigen . 

38. An antigen produced from the nucleic acid of claim 1. 

39. A method of detecting a flavivirus antibody in a sample, comprising: 
(a) contacting the sample with the antigen of claim 38 under conditions 
whereby an antigen/antibody complex can form; and (b) detecting 
antigen/antibody complex formation, thereby detecting a flavivirus 
antibody in the sample. 

40. An antibody produced in response to immunization by the antigen of 
claim 38. 

41. A method of detecting a flavivirus antigen in a sample, comprising: 
(a) contacting the sample with the antibody of claim 4 0 under conditions 
whereby an antigen/antibody complex can form; and (b) detecting 
antigen/antibody complex formation, thereby detecting a flavivirus 
antigen in a sample. 

42. A method of diagnosing a flavivirus infection in a subject, 
comprising: (a) contacting a sample from the subject with the antigen 
of claim 38 under conditions whereby an antigen/antibody complex can 
form; and (b) detecting antigen/antibody complex formation, thereby 
diagnosing a flavivirus infection in a subject. 

43. A method of diagnosing a flavivirus infection in a subject, 
comprising: (a) contacting a sample from the subject with the antibody 
of claim 40 under conditions whereby an antigen/antibody complex can 
form; and (b) detecting antigen/antibody complex formation, thereby 
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=> s CMV or CMV-IE 
24958 CMV 
24 958 CMV 
50642 IE 

914 CMV-IE 

(CMV{W) IE) 
L2 24 958 CMV OR CMV-IE 

=> s 12 and kozak 

7 920 KOZAK 
L3 3918 L2 AND KOZAK 

=> s 13 and termination 

191047 TERMINATION 
L4 3136 L3 AND TERMINATION 

=> s 14 and (poly(A) ) 
MISSING TERM 'A) ) ' 

The search profile that was entered contains a logical operator 
followed immediately by a right parenthesis ' ) ' . 

=> s 14 and (poly w A) 
261228 POLY 
737728 W 
4474137 A 

3 POLY W A 

(POLY(W)W{W)A) 
L5 0 L4 AND (POLY W A) 

=> s 14 (flavivir? or dengue or japanese encephalitis virus or yellow fever virus or encephalitis virus) 
MISSING OPERATOR ' L4 ( FLAVIVIR? 1 

The search profile that was entered contains terms or 
nested terms that are not separated by a logical operator. 

=> s 14 and (flavivir? or dengue or japanese encephalitis virus or yellow fever virus or encephalitis virus) 
2969 FLAVIVIR? 
27 50 DENGUE 
4 36101 JAPANESE 

857 6 ENCEPHALITIS 
101130 VIRUS 

8 93 JAPANESE ENCEPHALITIS VIRUS 

( JAPANESE ( W ) ENCE PHALI T I S ( W ) VI RUS ) 
259856 YELLOW 

22833 FEVER 
101130 VIRUS 

1232 YELLOW FEVER VIRUS 

( YELLOW ( W ) FEVER ( W ) VI RUS ) 
8576 ENCEPHALITIS 
101130 VIRUS 

2252 ENCEPHALITIS VIRUS 

( ENCE PHALI T I S ( W ) VI RUS ) 



YELLOW FEVER VIRUS OR ENCEPHALITIS VIRUS) 



=> s 16 and CMV/clm 

1222 CMV/CLM 
L7 33 L6 AND CMV/CLM 

=> s 17 and ay<1999 

2811963 AY<1999 
L8 11 L7 AND AY<1999 

=> d 18, cbib, elm, kwic, 1-11 

L8 ANSWER 1 OF 11 US PAT FULL on STN 

2001:107871 DNA vaccines against tick-borne f laviviruses . 
Schmaljohn, Connie S., Frederick, MD, United States 

The United States of America as represented by the Secretary of the Army, 
Washington, DC, United States (U.S. corporation) 
US 6258788 Bl 20010710 

APPLICATION: US 1998-197218 19981120 (9) 

PRIORITY: US 1997-65750P 19971120 (60) 

DOCUMENT TYPE: Utility; GRANTED. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A method for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising (i) preparing a nucleic 
acid encoding an antigenic determinant of a tick-borne flavivirus 
prM/E protein operatively linked to a CMV promoter operative in cells 
of a mammal, which nucleic acid is suitable for stably producing the 
antigenic determinant in a mammal; (ii) coating the nucleic acid in (i) 
onto carrier particles; (iii) accelerating the coated carrier particles 
into epidermal cells of the mammal in vivo; and (iv) inducing a 
protective immune response in said mammal upon exposure to a tick-borne 
flavivirus . 

2. The method according to claim 1 wherein the carrier particles are 
gold . 

3. The method according to claim 1 wherein the tick-borne flavivirus 
prM/E protein is selected from the group consisting of Russian spring 
summer encephalitis prM/E proteins, and Central European encephalitis 
prM/E proteins. 

4. The method according to claim 1 wherein the nucleic acid encodes a 
protein coding region comprising SEQ ID NO:l. 

5. A method for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising (i) preparing a nucleic 
acid encoding an antigenic determinant of a Russian spring summer 
encephalitis tick-borne flavivirus prM/E protein operatively linked to 
a promoter operative in cells of a mammal, which nucleic acid encodes a 
protein coding region comprising SEQ ID NO: 2 and is suitable for stably 
producing the antigenic determinant in a mammal; (ii) coating the 
nucleic acid in (i) onto carrier particles; (iii) accelerating the 
coated carrier particles into epidermal cells of the mammal in vivo; and 
(iv) inducing a protective immune response in said mammal upon exposure 
to a tick-borne flavivirus. 

6. The method according to claim 1 wherein the nucleic acid encodes a 
protein coding region comprising SEQ ID NO: 1 and SEQ ID NO: 2. 

7 . A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: 
(a) a nucleic acid encoding an antigenic determinant of a tick-borne 
flavivirus prM/E protein operatively linked to a CMV promoter 
operative in cells of a mammal, which nucleic acid is suitable for 
stably producing the antigenic determinant in a mammal; (b) one or both 
of a coating solution and/or components of a coating solution; and (c) 
carrier particles. 

8. The kit of claim 7, wherein the tick-borne flavivirus prM/E protein 
is selected from the group consisting of Russian spring summer 
encephalitis prM/E proteins, and Central European encephalitis prM/E 
proteins . 

9. The kit of claim 7, wherein the nucleic acid encodes a protein coding 
region comprising SEQ ID NO:l. 

10. The kit of claim 7, wherein the nucleic acid encodes a protein 
coding region comprising SEQ ID NO:l and SEQ ID NO: 2. 

11- A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: 



summer encephalitis tick-borne flavivirus prM/E protein operatively 
linked to a promoter operative in cells of a mammal which nucleic acid 
encodes a protein coding region comprising SEQ ID NO: 2 and is suitable 
for stably producing the antigenic determinant in a mammal; (b) one or 
both of a coating solution and/or components of a coating solution; and 
(c) carrier particles. 



TI DNA vaccines against tick-borne flaviviruses 
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AB Particle mediated immunization of tick-borne flavivirus genes confers 

homologous and heterologous protection against tick borne encephalitis. 
SUMM . . . over a wide area of Europe and the former Soviet Union. TBE is 



most frequently caused by infection with the flaviviruses Central 
European encephalitis (CEE) virus, or Russian spring summer encephalitis 
(RSSE) virus. These viruses are antigenically and genetically closely 
related. 

SUMM . . of a cytomegalovirus early promoter. We chose the prM and E 

genes for expression because of earlier reports with other 
flaviviruses which indicated that coexpressed prM and E form subviral 
particles that are able to elicit neutralizing and protective immune 
responses. 

SUMM ... in adverse side effects to the vaccinated individual. In 

addition, the invention does not require growth or use of tick-borne 
flavivirus, which may be spread by aerosol transmission and are 
typically fatal. 

DRWD . . . those of pWRG1602 described previously (Dimmock, N. J., 1995, 
Med. Virol. 5: 165) and include a human cytomegalovirus early promoter 
(CMV IE promoter) and intron A, a bovine growth hormone 
transcription terminator and polyadenylation signal (BGH pA), and a 
kanamycin resistance gene. 

DETD In one embodiment, the present invention relates to a DNA or cDNA 

segment which encodes an antigen from a tick-borne flavivirus such as 
RSSE, CEE, or Langat. More specifically, prM and E genes of CEE were 
deduced from the CEE viral. 

DETD . . . were modified around the translation initiation codon (bold 
type below) to generate sequences with a favorable context for 
translation initiation (KozaJc, M. , 1989, J. Cell. Biol. 108:229). The 
forward and reverse primers for RSSE were: 5 ' GCAGTAGACAGGATGGGTTGGTTG3 * 
( SEQ ID NO: 3} and 5 1 GCACAGCCAACTTAAGCTCCCACTCC3 1 . 

DETD . . . affecting the ability of the construct to achieve the desired 
effect, namely induction of a protective immune response against 
tick-borne flavivirus challenge. It is further understood in the art 
that certain advantageous steps can be taken to increase the 
antigenicity of. . . by modifying the genetic sequence encoding the 
protein. It is contemplated that all such modifications and variations 
of the tick-borne flavivirus glycoprotein genes are equivalents within 
the scope of the present invention. 

DETD . . . (Konishi, E . et al., 1992, Virology 188:714), or any expression 
vector such as viral vectors e.g. adenovirus or Venezuelan equine 
encephalitis virus and others known in the art. Preferably, a 
promoter sequence operable in the target cells is operably linked to 
the. 

DETD . . . TBE. Mice have been used extensively as the laboratory model of 
choice for assessment of protective immune responses to tick-borne 
flaviviruses (Gajdosova, E. et al.,1981, Acta Virol. 25:10; Heinz, F. 
X. and C. Kunz, 1982, J. Biol. Stand. 10:25; Holzmann, H. . 

DETD . . . Shope, Yale Arbovirus Research Unit, New Haven, Conn. Cell 

lines were obtained from the American Type Culture Collection. Central 
European encephalitis virus, strain Hypr, was isolated originally in 
1953 from a TBE patient in Czechoslovakia. Russian spring summer 
encephalitis virus, strain Sofjin, was isolated originally in 1937 
from a TBE patient from the Far Eastern USSR. Langat virus was isolated. 

DETD . . . were modified around the translation initiation codon (bold 
type below) to generate sequences with a favorable context for 
translation initiation (KozaJc, M. , 1989, J. Cell. Biol. 108:229). The 
forward and reverse primers for RSSE were: 5 1 GCAGTAGACAGGATGGGTTGGTTG3 ' 
(SEQ ID NO:3) and 5 ' GCACAGCCAACTTAAGCTCCCACTCC3 ' . . . 

DETD . . . have the same control elements; i.e., a human cytomegalovirus 
early promoter and intron A, and a bovine growth hormone 
polyadenylation/transcription termination signal. However, pWRG7 077 
does not contain the SV40 virus origin of replication and it has a 
kanamycin resistance gene rather. 

DETD Neutralizing antibodies correlate with protective immunity to tick-borne 
flaviviruses, as demonstrated in mice by passive transfer of 
neutralizing monoclonal antibodies to M and E (Heinz, F. X. et al.,. 

DETD . . . 1992, Virology 187:290). Such subviral particles, consisting of 
heterodimers of prM and E, are also a by product of normal flavivirus 
morphogenesis; i.e., the so-called "slowly sedimenting hemagglutinins" 
(SHA) (Heinz, F. and C. Kunz, 1977, Acta Virol. 21:308; Mason, P. W. . 
and P. W. Mason, 1993, supra). So, although passively transferred 



subsequent flavivirus challenge {Buckley, A. and E. A. Gould, 1985, 
supra; Gould and Buckley, 1986, supra; Heinz, F. X. et al., 1983,. 
DETD . . . al., 1992, Vaccine 10:345). Consequently, although either of 

our DNA vaccines by itself may be sufficient for immunity to TBE-causing 
flavi viruses, it may be prudent to include both DNAs in a vaccine 
developed for humans. 

I. A method for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising {i) preparing a nucleic 
acid encoding an antigenic determinant of a tick-borne flavivirus 
prM/E protein operatively linked to a CMV promoter operative in cells 
of a mammal, which nucleic acid is suitable for stably producing the 
antigenic determinant in a. . . of the mammal in vivo; and (iv) 
inducing a protective immune response in said mammal upon exposure to a 
tick-borne flavivirus. 

3. The method according to claim 1 wherein the tick-borne flavivirus 
prM/E protein is selected from the group consisting of Russian spring 
summer encephalitis prM/E proteins, and Central European encephalitis 
prM/E. 

5. A method for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising (i) preparing a nucleic 
acid encoding an antigenic determinant of a Russian spring summer 
encephalitis tick-borne flavivirus prM/E protein operatively linked to 
a promoter operative in cells of a mammal, which nucleic acid encodes a 
protein coding. . . of the mammal in vivo; and (iv) inducing a 
protective immune response in said mammal upon exposure to a tick-borne 
flavivirus . 

7. A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: 
(a) a nucleic acid encoding an antigenic determinant of a tick-borne 
flavivirus prM/E protein operatively linked to a CMV promoter 
operative in cells of a mammal, which nucleic acid is suitable for 
stably producing the antigenic determinant in a. 

8. The kit of claim 7, wherein the tick-borne flavivirus prM/E protein 
is selected from the group consisting of Russian spring summer 
encephalitis prM/E proteins, and Central European encephalitis prM/E. 

II. A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: 

(a) a nucleic acid encoding an antigenic determinant of a Russian spring 
summer encephalitis tick-borne flavivirus prM/E protein operatively 
linked to a promoter operative in cells of a mammal which nucleic acid 
encodes a protein coding. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A packaging vector comprising a nucleotide sequence encoding Gag and 
Pol proteins of a reference lentivirus, said packaging vector differing 
from said reference lentivirus at least in that (a) it lacks a 
functional major splice donor site, or its manor splice donor site, 
while functional, differs in sequence from that of said reference 
lentivirus, and (b) it lacks a functional major packaging signal, which 
vector, after introduction into a suitable host cell, is capable of 
causing such cell, either through expression from said vector alone, or 
through co-expression from said vector and a second vector providing for 
expression of a compatible envelope protein, to produce packaging vector 
particles comprising functional Gag and Pol proteins and having a normal 
or a pseudotyped envelope, where said particles are free of the RNA form 
of said packaging vector as a result of (b) above, where said cell, as a 
result of said expression or co-expression, produces particles 
encapsulating the RNA form of a transducing vector possessing a 
compatible and functional packaging signal if said transducing vector is 
introduced into said cell, where said reference lentivirus is a human or 
simian immunodeficiency virus. 

2. The packaging vector of claim 1 in which the reference lentivirus is 
HIV-1. 



3. The packaging vector of claim 1 in which the reference lentivirus is 
HIV-2. 



4. The packaging vector of claim 1 in which the reference lentivirus is 
SIV. 



proteins . 

6. The packaging vector of claim 1 which does not encode a functional 
envelope protein. 

7. The packaging vector of claim 1 wherein the major splice donor site 
of said vector differs in sequence from that of any lentivirus major 
splice donor site sufficiently so that said major splice donor site is 
not a potential site for homologous recombination between said packaging 
vector and any HIV or SIV. 

8. The packaging vector of claim 1 which comprises a sequence encoding a 
lentivirus Env proteins. 

9. The packaging vector of claim 1 which comprises a sequence encoding 
the VSV-G envelope protein. 

10. The packaging vector of claim 1 which further differs from said 
reference lentivirus in that at least portions of at least one gene 
selected from the group consisting of the env, vpr, vif, and vpu genes 
of said reference lentivirus is or are deleted. 

11. The packaging vector of claim 1 which lacks the native primer 
binding site of said reference lentivirus. 

12. The packaging vector of claim 1 which lacks the native polypurine 
tract of said reference lentivirus. 

13. The packaging vector of claim 1 which lacks a functional nef gene. 

14. The packaging vector of claim 1 which further differs from said 
lentivirus in that the 5* LTR has been modified. 

15. The packaging vector of claim 1 in which the 5'LTR is a chimera of a 
lentivirus LTR and a CMV enhancer/promoter. 

16. The packaging vector of claim 1 comprises a tat gene and a TAR 
sequence . 

17. The packaging vector of claim 1 which comprises a rev gene and an 
RRE element. 

18. The packaging vector of claim 1 which further differs from the 
reference lentivirus in that at least a portion of the tat gene and the 
TAR sequence are deleted. 

19. The packaging vector of claim 1 which further differs from the 
reference lentivirus in that at least a portion of the env gene and the 
RRE element are deleted. 

20. A packaging cell which comprises the packaging vector of claim 1 and 
is suitable for production of packaging or transducing vector particles. 

21. A method of a producing a transducing vector comprising a remedial 
gene, in the form of an infectious particle, which comprises (a) 
transfecting a cell with a packaging vector according to claim 1, and, 
if said packaging vector does not itself provide for expression of a 
compatible envelope protein, a pseudotyping vector which does provide 
expression, so said cell is capable of producing packaging vector 
particles, (b) transfecting said cell with a transducing vector 
comprising said remedial gene, and a functional packaging signal, but 
which by itself is incapable of causing a cell to produce transducing 
vector particles, and (c) causing the cell to produce infectious 
transducing vector particles comprising said transducing vector in RNA 
form, said Gag and Pol proteins, and said envelope protein. 

22. A kit comprising a packaging vector according to claim 1 and a 
transducing vector comprising a functional and compatible packaging 
signal, said transducing vector being incapable by itself of causing a 
cell transfected by said tranducing vector to encapsulate the RNA form 
of said transducing vector into a transducing vector particle. 

23. The packaging vector of claim 1 in which the major splice donor site 
is a modified RSV major splice donor site corresponding to the splice 
donor site included in SEQ ID NO: 9 and SEQ ID NO: 10. 

24. The packaging vector of claim 1 where said major splice donor site 
is functional but differs in sequence from that of all HIV and SIV 
lentivirus splice donor sites. 

25. The packaging vector of claim 1 which lacks a functional major 
splice donor site. 



26. The packaging vector of claim 1 where its major splice donor site, 
while functional, differs in sequence from that of said reference 
lentivirus sufficiently so that homologous recombination between said 
packaging vector and said reference lentivirus at said splice donor site 
is not detectable. 

27. The vector of claim 1, wherein at least a portion of the env gene of 
said reference lentivirus is deleted. 

28. The packaging vector of claim 7 wherein the major splice donor site 
of said vector is substantially identical to the RSV splice donor site. 

29. The cell of claim 20, which further comprises a pseudotyping vector. 

30. The cell of claim 20 which further comprises a transducing vector 
which by itself is incapable of coding for expression of infectious 
transducing vector particles, but which cell, as a result of the 
expression of genes of said packaging vector, packages the RNA form of 
said transducing vector into infectious transducing vector particles. 

31. The cell of claim 20 where said transducing vector further comprises 
a remedial gene. 

32. The cell of claim 20 wherein packaging is inducible. 

33. The kit of claim 22, said packaging vector comprising a gene 
encoding a compatible envelope protein. 

34. The kit of claim 22, further comprising a pseudotyping vector 
comprising a gene encoding a non-lentiviral envelope protein 
incorporatable into said particles. 

35. The packaging vector of claim 26 in which the absence of detectable 
homologous recombination is demonstrated by failure to detect 
replication-competent virus transfecting human TE671 cells with the 
packaging vector, co-culturing the TE671 cells with the human hymphoma 
cell line MT4 for two months, and determining, by immunohistochemical 
methods, whether the MT4 cells are producing HIV-1 proteins. 

36. The vector of claim 27 in which the deletion is a frame shift 
mutation. 

37. The vector of claim 27 in which two nucleotides of the env gene are 
deleted . 

38. The vector of claim 27 in which 28 nucleotides of the env gene are 
deleted. 

39. The vector of claim 27 in which the deletion is one achievable by 
Bal31 digestion at the unique Nhel site in the env gene of wild-type HIV 
strain pNL4-3 or at the corresponding position in another reference 
lentivirus . 

40. The vector of claim 35 where the presence of replication-competent 
virus is detected by determining by immunohistochemical methods whether 
the MT4 cells are producing HIV-1 proteins. 

AI US 1997-935312 19970922 (8) 

SUMM . . . present in the M-MuLV LTR is quite weak compared with other 
viral promoters such as the human cytomegalovirus immediate early 
(CMV-IE) enhancer/promoter. In order to increase expression of the 
genes carried on the retroviral vector, internal promoters possessing 
stronger activities than. 

SUMM . . . consisting of human immunodeficiency virus type 1, human 

immunodeficiency virus type 2, feline immunodeficiency virus, simian 
immunodeficiency virus, visna-maedi, caprine arthritis-encephalitis 
virus, equine infectious anemia virus, and bovine immune deficiency 
virus . 

SUMM . . . consisting of human immunodeficiency virus type 1, human 

immunodeficiency virus type 2, feline immunodeficiency virus, simian 
immunodeficiency virus, visna-maedi, caprine arthritis-encephalitis 
virus, equine infectious anemia virus, and bovine immune deficiency 
virus. Thus, the recombinant lentivirus may be recombinant HIV-1, HIV-2, 
SIV, or. . . other embodiments, the lentiviral vector further 
comprises plasmid DNA selected from the group consisting of pHP-1, 
pHP-dl.2 and pHP-dl.28, pHP-VSVG, pHP-CMV, pHP-CMVdel . TAR/SD, 
pHP-CMV-EFla intron, and pHP-EF. 

SUMM . . . cell and/or cell line contains a transducing vector is selected 
from the group consisting of pTViy, pTViylOO, pTVijil4 0, 
pTV.vy.nlacZ, and pTVtyCMV-nlacZ-hyg-dl . Smal , pTVA, 
pTVA-X, pTVACMV-X, pTVACMVnlacZ , pTVASVneo, 



pTVACMV-nlacZ-hyg . In yet other embodiments, the packaging cell 
produces replication-defective lentivirus particles. In another 
embodiment, the packaging cell and/or cell line. 
SUMM . . . consisting of human immunodeficiency virus type 1, human 

immunodeficiency virus type 2, feline immunodeficiency virus, simian 
immunodeficiency virus, visna-maedi, caprine arthritis-encephalitis 
virus, equine infectious anemia virus, and bovine immune deficiency 
virus. Thus, the attenuated virus may be an attenuated HIV-1, attenuated 
HIV-2, . 

DRWD FIG. ID provides simplified schematic illustrations of three 

heterologous enhancer/promoter inserts (human CMV IE (a), human CMV 
IE{b) , and Mo-MLV) . 

DETD . . . agent of the human acquired immunodeficiency syndrome (AIDS) ; 

visna-maedi, which causes encephalitis (visna) or pneumonia (maedi) in 
sheep, the caprine arthritis -encephalitis virus, which causes immune 
deficiency, arthritis, and encephalopathy in goats; equine infectious 
anemia virus, which causes autoimmune hemolytic anemia, and 
encephalopathy. 

DETD . . . (optional), and a ribosome binding site, often along with other 
sequences. Eukaryotic cells are known to utilize promoters, enhancers, 
and termination and polyadenylation signals. In some embodiments, 
"expression vectors" are used in order to permit pseudotyping of the 
viral envelope proteins. 

DETD In the present invention, various transducing vectors may be used, 
including pTV\y, pTVylOO, pTV\|/140, pTV. \\>. nlacZ , and 
pTVqjCMV-nlacZ-hyg-dl.Smal, pTVA, pTVA-X, 
pTVACMV-X, pTVACMVnlacZ, pTVASVneo, pTVASVhyg, 
pTVACMV-GFP, pTVACMV-nlacZ, and pTVACMV-nlacZ- 

hyg. However, it is not intended that the present invention be limited 
to these specific transducing vectors. For example, the "pTVA-X, " . 

DETD . . . However, enhancer elements can exert their effect even when 

located 3* of the promoter element and the coding region. Transcription 
termination and polyadenylation signals are located 3' or downstream 
of the coding region. 

DETD As used herein, the term "transcription unit" refers to the segment of 
DNA between the sites of initiation and termination of transcription 
and the regulatory elements necessary for the efficient initiation and 
termination. For example, a segment of DNA comprising an 
enhancer/promoter, a coding region and a termination and 
polyadenylation sequence comprises a transcription unit. 

DETD . . . which facilitates the initiation of transcription of an 

operably linked coding region. Other regulatory elements are splicing 
signals, polyadenylation signals, termination signals, etc. (defined 
infra ) . 

DETD Efficient expression of recombinant DNA sequences in eukaryotic cells 
requires expression of signals directing the efficient termination and 
polyadenylation of the resulting transcript. Transcription termination 
signals are generally found downstream of the polyadenylation signal and 
are a few hundred nucleotides in length. The term "poly A site" or "poly 
A sequence" as used herein denotes a DNA sequence which directs both the 
termination and polyadenylation of the nascent RNA transcript. 
Efficient polyadenylation of the recombinant transcript is desirable as 
transcripts lacking a poly. . . signal. The SV40 poly A signal is 
contained on a 237 bp Bam HI/Bcl I restriction fragment and directs both 
termination and polyadenylation {J. Sambrook et al., supra, at 
16.6-16.7) . 

DETD . . . was not markedly affected by these mutations. By mutating the 
tat gene, it was also found that the recombinant LTRs 
(CMV-IE-HIV-LTR) exhibited increased basal levels of promoter 
activity which could support virus replication without Tat (L. -J. 
Chang, and C. Zhang, . 

DETD LTR mutants with kB/Spl or Spl deletion and CMV-IE enhancer/promoter 
insertion have been shown to replicate with delayed kinetics in human 
lymphocyte culture, including primary PBLs (peripheral blood 
lymphocytes) . 

DETD . . . were generated using the LTR mutant constructs which exhibited 
enhanced transcriptional activity after inserting heterologous enhancer 
elements. The recombinant LTR (CMV-IE-HIV-LTR), which has been shown 
to exhibit increased basal level of promoter activity, can support HIV-1 
replication without Tat (L. -J. . 

DETD . . . present invention, it was determined that the tat-C mutant is 
more defective than the tat-A and -B mutants, and the dl.Spl/CMV tat-B 
double mutant is more defective than the dl.Spl/CMV LTR mutant or the 
dl.Spl/CMV tat-A double mutant reported previously (L. -J. Chang and 
C. Zhang, Virol., 211:157-169 [1995]). The dl.Spl/CMV tat-B double 
mutant infects human lymphoid cell lines with delayed kinetics and 
exhibited reduced cytopathic effects. 

DETD . . . PBLs poorly and replicated in primary macrophage culture with 

reduced kinetics. Based on these results, these already attenuated HIV-1 
constructs, dl.Spl/CMV tat-B and dl.Spl/CMV tat-C, were chosen for 



DETD . . • LTR/tat mutants were further characterized in hunan lymphoid 
cell culture. The tat-A or tat-B LTR double mutants (Spl deleted and 
CMV-IE enhancer inserted) infected human MT4 cells with slightly 
reduced cytopathic effects. Further, these mutants exhibited delayed 
replication kinetics when compared with wild-type HIV-1. On the other 
hand, when cells were infected with the tat-C LTR mutant (Spl/CMV 
mutant), the cytopathic effect was not so apparent and interestingly, 
the infected culture recovered rapidly and a persistent infection was 

DETD . . . HIV-1 Infected Cultures 

% Viability Doubling Time 



Cell Line/Virus 


(±5%) 


(±2 hrs) 


MT4/ (mock) 


88 


40 


MT4/WT (acute) 


0 


— a 


MT4/tat-A (dl. Spl/CMV) 


0 




MT4/tat-B (Dl. Spl/CMV) 


0 




MT4/tat-C (chr.l) 


97 


35 


MT4/tat-C (chr.2) 


86 


32 


AA2/WT (chr.) 


73 


n . 


Molt3/WT (chr.) 


80 


n.d. 



a " — , " NO . 

DETD Five additional HP constructs were also made ("pHP-VSVG," lipHP-CMV," 
"pHP-EF," "pHP-CMVdel . TAR/SD, " and "pHP-CMV-EFla-intron" ) , each 
with additional changes (See, FIG. 7). pHP-VSVG was derived from pHP-1, 
with the HIV-1 env gene being replaced by the VSV-G gene and containing 
either wild-type (pHP-NVSV-G) or mutated (pHP-VSV-G) vpr and tat genes. 
pHP-CMV was derived from pHP-1, with the promoter being replaced by 
the cytomegalovirus immediate early promoter (CMV-IE) and the tat, 
rev, env, vpr and vpu genes deleted. pHP-CMVdel . TAR/SD was derived from 
pHP-CMV, with the TAR and RSV RD deleted. pHP-CMV-EFla-intron 
was derived from pHP-CMVdel . TAR/SD, with an insertion of the 
EFla-intron between the promoter and the Gag AUG. pHP-EF was 
derived from pHP-CMV, by replacing the CMV-IE promoter and the 
synthetic SD site with the human elongation factor la (EFla) 
enhancer plus intron. The TAR sequence was. . . transduction 
efficiency in nondividing culture. In other experiments, the 
intron-containing EFla was shown to be a stronger promoter than 
the CMV-IE promoter. 

DETD ... of Gag-Pol (e.g., pHP-1, pHP-ldel, and pHP-VSVG) , as well as 
vectors that do not express detectable amounts of Gag-Pol (e.g., 
pHP-CMV and its derivatives). 

DETD y signals were cloned into the pTViy vector as shown in 

FIG. 8, which is comprised of two recombinant LTRs ( "dl . kB-CMV/HIV- 
TAR" ) , the PBS and 5' leader sequences, an SV40-driven neo resistance 
gene, and the 3 1 PPT. 

DETD ... an additional gag sequence and an RRE element, were cloned into 
pTVyl4 0. One such example is shown in FIG. 9A (pTVijH-CMV-nlacZ- 
hyg) . Again, the pTV\y+ was not packaged efficiently, indicating the 
splice donor site and Gag AUG mutations in pTViylOO and pTViyl4 0. 

DETD Three additional pTVA vectors were also constructed, each containing a 
different reporter gene: CMV-GFP (green fluorescent protein, 
pTVACMV-GFP) , CMV-nlacZ (pTVACMV-nlacZ ) and 

CMV-nlacZ-hyg (pTVACMV-nlacZ-hyg ) , as illustrated in FIG. 8 

(See, FIG. 8, constructs 5 and 6, as well as FIG. 9B) . The production of 

VSV-G pseudotyped vector was tested with pTVACMV-nlacZ . TE671 

cells transduced with the VSV-G pseudotyped pTVACMV-nlacZ vector 

stained strongly by X-gal and exhibited nuclear p-galactosidase 

activity. The pTVACMV-nlacz-hyg and pTVACMV-GFP did not 

express the reporter genes efficiently, whereas pTVACMV-nlacZ 

did. These transducing vectors were further characterized using dividing 

and nondividing tissue culture models and a small animal model. 

DETD ... by recombination. Thus, pHP-1 provides an excellent HIV DNA 
vector. pHP-1 was constructed as follows. First, the Tat-responsive 
enhancer promoter CMV- TATA-TAR fragment (approximately 4 00 bp) was 
isolated from dl . kB/Spl-CMV-TATA-TAR HIV (Chang et al., J. Virol. 
67:743 [1993]) by Bbrpl-Hindlll digestion, and cloned into EcoRV-BamHI 
digested pSP72 (Promega) via a linker providing Hindlll and BamHI 
cohesive sites which contains a modified gag AUG with KozaJc 
translation initiation context and a major splice donor site of Rous 
sarcoma virus. This linker was formed by annealing the following 
oligonucleotides : 5 ' -AGCTTGGTCGCCCGGTGGATCAAGACCGGTAGCCGTCATAAAGGTGAT 
TTCGTCG-3 ' ( SEQ ID NO: 9) and 5 ' -GATCCGACGAAATCACCTTTATGACG 
GCTACCGGTCTTGATCCACCGGGCGACCA-3 1 (SEQ ID NO: 10). This first subclone was 
called pSP-CMV-TAR-SD. 

DETD . . . [SEQ ID N0:12]). The PCR product was digested with BamHI-SphI 
(.about. 660 bp) and this fragment was ligated with BamHI-SphI digested 
pSP-CMV-TAR-SD to obtain pSP-CMV-TAR-SD-dl . gag . 

DETD . . . the poly-A minus subclone pHP-dl.pA was constructed by ligating 



from pSP-CMV-TAR-SD-dl . gag (contains the promoter-TAR-SD-dl . gag) , a 

7 922 bp Sphl-Xhol fragment (dl .gag-pol -env-gpt) of pNLgpt, and a plasmid 

vector backbone provided by EcoRV-XhoI digested. 

DETD Lastly, pHP-1 was made by the following ligation: Notl-Xhol (9059 bp) of 
pHP-dl.pA containing dl . CMV-TATA-TAR-SD-gag-pol -env-gpt, a 422 bp 
poly-A site from XhoI-PstI digested pREP9 ( Invitrogen) , and Notl-PstI 
digested pBS-KS(-). The sequence of pHP-1 (12,4 94 kb) . 

DETD As described in more detail below, five other HP constructs were made, 
pHP-VSVG, three pHP-CMV derivatives, and pHP-EF, each with additional 
changes (See, FIG . 7). pHP-VSVG was derived from pHP-1, with the HIV-1 
env gene. . . by the VSV-G gene, and with wild-type vpr and tat, or 
the vpr and tat genes mutated by site-specific mutagenesis. pHP-CMV 
was derived from pHP-1 with the promoter being replaced by the 
cytomegalovirus immediate early promoter (CMV-IE) and the tat, rev, 
env, vpr and vpu deleted. pHP-CMVdel . TAR/SD was derived from pHP-CMV, 
with the TAR and RSV RD deleted. pHP-CMV-EFla-intron was derived 
from pHP-CMVdel .TAR/SD, with an insertion of the EFla-intron 
between the promoter and the Gag AUG. pHP-EF was derived from pHP-CMV 
by replacing the CMV-IE promoter and the synthetic SD site with the 
human elongation factor la (EFla) enhancer plus intron. It 
also contains an. . . the vector transduction efficiency in 
non-dividing cultures. The intron-containing EFla has been shown to be a 
stronger promoter than the CMV-IE promoter. These constructs were 
tested for their expression of HIV-1 proteins. pHP-VSVG did not express 
HIV-1 proteins unless the Tat. 

DETD Both packaging constructs (i.e., pHP-1 and pHP-VSVG) used a recombinant 
CMV/HIV-LTR as promoter and a synthetic major splice donor site. No 
sequence homology was observed with the HIV-1 genome between TAR. 

DETD These experiments showed that pHP-CMV and pHP-EF do not express 

Gag-Pol protiens at high efficiencies, indicating that the pHP-l-derived 
vectors have important viral sequences that. 

DETD . . . vpr and tat genes. It was constructed by combining the 
following four pieces of DNA fragments: 1) the recombinant LTR 
(dl .kB/Spl-CMV-TATA-HIV-TAR) gag-pol from NotI to EcoRI fragment of 
pHP-1; 2) a fragment from HIV-1 with deletion in the C-terminal of Vpr. 

DETD pHP-CMV. 

DETD This clone was derived from pHP-1, with the 5 1 recombinant LTR replaced 
by a CMV-IE enhancer-promoter and the entire env, tat, vpu, rev, 
vpr, nef deleted, but with the vif gene remaining intact. This clone. 

DETD pHP-CMV-del .TAR/SD: 

DETD This clone is the same as pHP-CMV except that the 5* TAR and splice 
donor site are deleted. This construction was made by ligating the 
following two fragments: 1) a 702 bp fragment of MluI-BamHI digested 
pcDNA3. lZeo (+ ) containing the CMV enhancer; and 2) the vector 
containing MluI-BamHI digested pHP-CMV which has deleted TAR and 
contains the RSV splice donor site. 

DETD pHP-CMV-EFlct-intron. 

DETD This clone is similar to pHP-CMV-del . TAR/SD but with an intron from 

human EF-la gene inserted between the CMV promoter and the gag AUG. It 
was made by ligating the following three DNA fragments: 1) pHP-1 
BamHI -EcoRI fragment containing. . . gag-pol and vif; 2) the 
MluI-EcoRI of pcDNAZeonlacZ-RRE containing the vector backbone of 
pcDNA3.1Zeo(+) , HIV-1 RRE and part of the CMV promoter; and 3) the 
rest of the CMV enhancer promoter was obtained from BamHI-MluI 
digested pcDNAZeoHGHP2EF, a pcDNAZeo3 . 1 ( + ) vector containing EFla 
intron and the human growth hormone gene.. 

DETD Four additional packaging vectors, pHP-CMV derivatives, and pHP-EF, 

were constructed as shown in FIG. 7. The heterologous enhancer/promoters 
in these vectors may express high levels. . . of GFP is much improved 
when an intron sequence was inserted in front of the GFP gene. All of 
the pHP-CMV derivatives were tested, and found to be inefficient in 
synthesizing HIV proteins, indicating that the pHP-1 and pHP-VSVG 
derivatives are. 

DETD . . . sequence. Sequences in gag-pol and env genes are deleted and 
the major SD and the gag AUG are mutated. A CMV-driven reporter gene 
cassette such as the CMV-IE-nlacZ-IRES-hyg from the pTVA-nlacZ-hyg 
vector is inserted in the nef ORF of the HIV-2 and the SIV vectors. The 
3' LTR. 

DETD Internal CMV-IE in pTVACMVnlacZ Promoter Exhibits Higher 

Promoter Activity Than Native CMV-IE 
DETD In this Example, the expression of the reporter lacZ gene from the 

pTV-ACMVnlacZ was compared with pcDNAnlacZ (i.e., CMV-IE 

promoter-driven), 48 hours after transfection of TE671 cells. TE671 

cells were transfected with 5 of pcDNA3-nlacZ or 

pTVACMVnlacZ, as. 

DETD . . . sequences near the 5' end of the PPT of HIV-1, the product was 
then ligated with a Sall-Kpnl fragment containing CMV-nlacZ sequence 
from pcDNAzeo-nlacZ. pcDNAzeo-nlacZ was generated by inserting nlacZ of 
pSP72nlacZ into pcDNA3 . lzeo ( + ) . 
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rapid cell death and loss of MT4 cells, 
approximately 10. 

(BAS1000) . The results are shown in FIG. 14: Lane 1, control 
lane 2 &3, MT4 chronically infected with dl . Spl CMV tat-C; lane 
4, MT4 acutely infected with WT HIV-1; lane 5, C8166 chronically 
infected with WT HIV-1; lane 6, MT4 chronically infected with dl.Spl 
CMV tat-B; lane 7, AA2 chronically infected with dl.Spl CMV tat-C. 

15. The packaging vector of claim 1 in which the 5 ' LTR is a chimera 
of a lentivirus LTR and a CMV enhancer/promoter. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A method of stimulating in an animal an immune response to an 
antigen, comprising infecting susceptible animal target cells with 
recombinant alphavirus particles comprising a vector which directs the 
expression of at least one antigen or modified form thereof in target 
cells infected with the alphavirus, wherein said antigen or modified 
form thereof stimulates an immune response within an animal, and wherein 
said recombinant alphavirus particles are obtained from an alphavirus 
packaging cell comprising a stably transformed expression cassette which 
expresses an alphavirus structural protein, which, after introduction of 
an alphavirus vector construct, produces recombinant alphavirus 
particles . 

2. The method according to claim 1 wherein said antigen is a viral 
antigen . 

3. The method according to claim 2 wherein said viral antigen is 
obtained from a virus selected from the group consisting of influenza 
virus, respiratory syncytial virus, HPV, HBV, HIV, HSV, FeLV, FIV, 
HTLV-1, HTLV-2, and CMV. 



4. The method according to claim 2 wherein said viral antigen is 



5. The method acording to claim 1 wherein said antigen is a tumor 
antigen . 

6. The method according to claim 1 wherein said antigen is obtained from 
a bacteria, parasite or fungus. 

7. The method according to claim 1, wherein said alphavirus vector 
construct is introduced into said packaging cell by transfecting a 
eukaryotic layered vector initiation system or an alphavirus vector 
construct RNA into said packaging cell. 

8. The method according to claim 1, wherein said alphavirus vector 
construct is introduced into said packaging cell by infecting said 
packaging cell with a recombinant alphavirus particle. 

9. A method of stimulating in an animal an immune response to an 
antigen, comprising infecting susceptible animal target cells with 
recombinant alphavirus particles which direct the expression of at least 
one antigen ormodified form thereof in target cells infected with the 
alphavirus, wherein said antigen or modified form thereof stimulates an 
immune response within an animal, and wherein said recombinant 
alphavirus particles are free from recombinant alphavirus particles that 
can initiate a productive infection that yields infective alphavirus 
particles . 

10. A method according to any one of claims 1 or 9 wherein the target 
cells are infected within said animal. 

11. A method according to any one of claims 1 or 9 wherein the expressed 
antigen elicits an immune response selected from the group consisting of 
a cell-mediated immune response, a HLA class I-restricted immune 
response, and a HLA Class II-restricted immune response. 

AI US 1997-931869 19970916 (8) 

SUMM . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . cell, the vector construct being capable of expressing a 

heterologous nucleic acid sequence, and a 3 1 sequence which controls 
transcription termination. 

SUMM . . . the vector construct being capable of expressing a heterologous 
ribonucleic acid sequence, and a 3' DNA sequence which controls 
transcription termination . 

SUMM . . . from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 
polyadenylation sequence. 

SUMM . . . group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
preferred embodiment, the heterologous sequence obtained from HPV 
encodes a protein selected from the group consisting of E5, . 

SUMM . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

SUMM SC distal, SV40, heat shock protein 65, heat shock protein 70, 

Py, RSV, BK, JC, MuLV, MMTV, alphavirus junction region, CMV and VA1RNA. 

DETD . . . reduce viral transcription of the subgenomic fragment, an 

alphavirus RNA polymerase recognition sequence, and a 3t sequence which 
controls transcription termination. The vector may also include 
nucleic acid molecule (s) which are of a size sufficient to allow 
production of viable virus, . 

DETD . . . sequence encoding one or more proteins, said proteins 

preferably comprising alphavirus structural protein(s). Optionally, the 
expression cassette may include transcription termination, splice 
recognition, and polyadenylation addition sites. Preferred promoters 
include the CMV, MMTV, MoMLV, and adenovirus VA1RNA promoters. In 
addition, the expression cassette may contain selectable markers such as 
Neo, SV2 Neo, . 

DETD . . . promoters, such as, for example, the p-galactosidase 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 
promoter, SV4 0 promoter, CMV promoter, and MoMLV LTR. 

DETD A . The CMV H301 Gene 

DETD . . . the human immunoglobulin heavy-chain binding protein, and a 
synthetic sequence of at least 15 bps corresponding in part to the 
Kozak consensus sequence for efficient translational initiation. 



translation initiation can also. 
DETD As noted above, the alphavirus cDNA vector construct also includes a 3' 
sequence which controls transcription termination. A representative 
example of such a sequence is set forth in more detail below in Examples 
2 and 3. 

DETD . . . vector may be selected to hybridize to any pathogen-specific 
RNA, for instance target cells infected by pathogens such as HIV, CMV, 
HBV, HPV and HSV. 

DETD . . - that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . "HCV", respectively), Human Papiloma Virus ("HPV"), 

Epstein-Barr Virus ( "EBV" ) , Herpes Simplex Virus ("HSV")/ Hantavirus, 
TTLV I, HTLV II and Cytomegalovirus ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a 
portion of the respective antigen which. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Briefly, such eukaryotic layered vector 
initiation systems provide a two-stage or "layered" mechanism which 
controls expression of heterologous nucleotide sequences., 
promoter which is capable of initiating the 5' synthesis of RNA from 
cDNA (e.g., a 5* promoter}, a 3' transcription termination site, as 
well as one or more splice sites and/or a polyadenylation site, if 
desired. Representative promoters suitable for use. . . Mouse polyoma 
virus promoter ("Py" ), rous sarcoma virus ("RSV" ), BK virus and JC virus 
promoters, MMTV promoter, alphavirus junction region, CMV promoter, 
Adenovirus VA1RNA, rRNA promoter, tRNA methionine promoter, CaMV 35S 
promoter, nopaline synthetase promoter, and the lac promoter. The 
second. 

DETD . . . example, vector systems derived from viruses of the following 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenaviridae, Retroviridae (e.g., 
RSV, MoMLV, HIV, HTLV), hepatitis delta. . . 

DETD . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. Within various embodiments, the 
viral junction region may be modified, such that viral transcription of 
the subgenomic fragment is merely. 

DETD . . . auto-immune or immune diseases. Representative examples of such 
diseases include viral infections such as HIV, HBV HTLV I, HTLV II, 
CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, 
Alzheimer's disease and heart disease. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5' eukayotic 
promoter capable of initiating. . . alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 
alphavirus RNA polymerase recognition sequence, and a 3' transcription 
termination/polyadenylation signal sequence. Such alphavirus cDNA 
expression vectors may also include intervening sequences (introns), 
which are spliced from the pre-RNA in. 

DETD . . . occurs from the pKSSINBVdlJR construct. Junction region changes 
at Sindbis nts 7 600 and 7602 are downstream of the NSP 4 termination 
codon and upstream of the structural proteins initiation codon. 

DETD . . . are observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong Nyong virus, 
Eastern Equine Encephalitis virus, Western Equine Encephalitis 
virus, and Venezuelan Equine Encephalitis virus) are given below: 

DETD In order to insert the luciferase gene into the pVGELVIS-SINBV vector, 
the SV4 0 intron and transcription termination sequences at the 3?-end 
of luciferase must be removed so that when the pre-RNA, transcribed from 
the plasmid DNA luciferase. 

DETD . . . expression, is enhanced by several modifications to the 

pVGELVIS-SINBV-luc vector. These modifications include alternate RNA 
polymerase If promoters and transcription termination signals, the 
addition of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid. 

DETD The transcription termination signals from the SV40 early region or 

Bovine growth hormone are inserted between the Sac I and Eco RI sites of 
pBGS 131. The SV40 nts between viral nts 2643 to 2563 containing the 
early region transcription termination sequences are isolated by PCR 
amplification using the primer pair shown below and the pBR322/SV40 
plasmid (ATCC # 45019) as. . 

DETD The Bovine growth hormone transcription termination sequences are 

isolated by PCR amplification using the primer pair shown below and the 



DETD In additional modifications to the ELVIS vector, the transcription 
termination sequences are fused directly to the 3' -end Sindbis 
sequences, resulting in deletion of the polyadenylate tract; or 
alternatively the antigenornic . . . ribozyme sequence of hepatitis 
delta virus (HDV) is inserted between the 3 * -polyadenylate tract of the 
ELVIS vector and the transcription termination signals. 

DETD In the second vector 3' -end configuration, the SV40 or BGH transcription 
termination signals are fused directly to the 3' -end of the ELVIS 
vector corresponding to Sindbis nt 11,700 and the polyadenylate tract. 

DETD ... a polyadenylate tract are combined with the plasmid 

constructions containing the HDV ribozyme sequence and the SV4 0 or BGH 
transcription termination signals. This construction corresponds to 
the insertion of pKSSINBV and pKSSINBV-luc vector sequences into the 
pBGS131/HDV/3'SV40TT and pBGS131HDV/3 ' BGHTT plasmids. Alternatively,. 

precisely at the viral 3* end corresponding to viral nt 11,700 are 
linked directly to the SV40 or BGH transcription termination signals. 
This construction corresponds to the insertion of pKSSINBVd and 
pKSSINBVdlA-luc vector sequences into the pBGS131/HDV/ 3 ' SV4 OTT and 
pBGS131/HDV/3' BGHTT plasmids. 

DETD Using the same overlapping PCR approach, the CMV promoter is 

positioned at the 5' viral end such that transcription initiation 
results in the addition of a single non-viral nucleotide at the Sindbis 
5' end. Amplification of the CMV promoter in the first primary PCR 
reaction is accomplished in a reaction containing the pCDNA3 plasmid and 
the following primer. 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22) : 

DETD Reverse primer: SNCMV1142R (SIN nts 8-1/CMV pro nts 1142-1108): 

DETD Forward primer: CMVSIN1F (CMV pro nts 11261142/SIN nts 1-20): 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22): 

DETD . . . plasmid DNA (FIG. 22A) . The data also demonstrate that direct 

linkage between the Sindbis virus 3' -end and two different transcription 
termination/polyadenylation signals, resulting in deletion of the 
synthetic A25 tract, decreased the activity of the DNA vector by more 
than three. 

DETD . . of in vitro synthesized transcripts, the cDNA is exchanged into 

a vector containing an RNA polymerase II promoter and transcription 
termination/polyadenylation sequence, as described in Example 2. For 
plant applications, such promoter and termination sequences are chosen 
from the appropriate plant systems (e.g., CaMV 35S promoter (Guilley et 
al., Cell 30:763-773, 1982), and nopaline synthase promoter and 
transcription termination sequence (Sanders et al., Nucleic Acids Res. 
15:1543-1558). Vector constructs derived from these infectious genomic 
cDNA clones is subsequently accomplished. 

DETD . . . downstream of the disabled junction region in the pKSSINBVdlJR 
vector, which allows ribosomal scanning in genomic mRNA from 
non-structural gene termination to the heterologous genes. The 
heterologous proteins are expressed from genomic length mRNA by 
ribosomal scanning. This extends the life. 

DETD . . . et al., Gene 108:167-174, 1991). The sequences surrounding the 
ATG start codon from bases -9 to +1 conform to the Kozak consensus 
sequence for efficient translational initiation (KozaJt, Cell 
44:283-292, 1986). Where possible, the 3? terminal nucleotide 
corresponding to the carboxy terminal amino acid is changed to T, . 

DETD . . . gpt, for the current neomycin resistance, or other promoter 
elements, for example Drosophilia metallothionein or hsp 70, for the 
current CMV, MuLV, and SV40 promoters, may be readily accomplished 
given the disclosure provided herein. 

DETD . . . map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides 
corresponding to the Kozak consensus sequence for efficient 
translational initiation at Sindbis nt 7638. The forward primer is 
complementary to Sindbis nts 7638-7661, and. 

DETD . . . structural protein gene MnRNA, the alphavirus structural 

protein gene sequences, the 3 f -end alphavirus sequences required for 
replication, and a transcription termination/polyadenylation sequence. 
Because of an upstream open-reading frame which ends in translation 
termination codons prior to the AUG start site of the structural 
protein genes, expression of the alphavirus structural proteins can 
occur. 

DETD In addition to their respective complementarities, primer SIN276-SPE 
contains a flanking UAA translation termination codon and Spel 
recognition sequence at its 5 1 end. PCR amplification of the fragment 
containing Sindbis 5 '-end sequences fused to. 

DETD Modifications of the CMV promoter/antisense-Sindbis structural protein 
vector also can be constructed using other viral, cellular, or 
insect-based promoters. Using common molecular biology techniques know 
in the art, the CMV promoter can be switched out of the Invitrogen 
pcDNA3 vector and replaced by promoters such as those listed previously. 
Other. . . use of longer or shorter HDV or other catalytic ribozyme 



transcription termination signal for the catalytic ribozyme sequence, 
or the antisense expression of structural protein gene cassettes using 
any downstream sequence recognized. 
DETD . . . vector and the Astrovirus expression cassette, between the 
Astrovirus junction region and structural gene ATG, and between the 
structural gene termination codon and the Astrovirus 3* end. In order 
to generate wild type virus, this dual recombination event would have 
to. 

DETD . . - glycoproteins El and/or E2 from other alphaviruses or their 

variants is performed to alter tissue tropism. For example, Venezuelan 
equine encephalitis virus (VEE) is an alphavirus which exhibits 
tropism for cells of lymphoid origin, unlike its Sindbis virus 
counterpart. Therefore, Sindbis-derived vector. 

DETD ... is amplified with a primer pair whose 5' -ends map, 

respectively, to the authentic AUG translational start site, including 
the surrounding KozaX consensus sequence, and UGA translational stop 
site. The forward primer is complementary to VEE nucleotides 7553-757 9, 
and the reverse primer. 

DETD . . . Madison, Wis.) by digestion of pcDNA3 with Apa I and EcoRV 
followed by GENECLEAN . TM . purification. The resulting construct, 
containing a CMV promoter which transcribes an antisense reporter 
cassette RNA of the configuration Sindbis 3* -end sequence/LacZ 
gene/ j unction region/Sindbis 5 ' -end sequence/HDV ribozyme, is. 

DETD . - - vector. The re-ligated construct contains an antisense LacZ 

gene and a 3 1 Sindbis replicase protein recognition sequence downstream 
from a CMV promoter. The resulting construct is known as 
pcDNAaLacZ-S'Sin. The construct is transfected into BHK cells and 
utilized as described previously. 

DETD . . . assays; (d) map immune response epitopes; and (e) elicit and 

measure CTL responses to other non-HIV antigens such as mouse CMV(MCMV) 

DETD Subgenomic mRNA is synthesized in these vectors, which serves as a 
translational template for the Ad E3 and CMV H301 genes. Thus, in 
these constructions, functional HPV 16 antisense and hairpin ribozyme 
palliatives will be present on the levels. 

DETD . . . the E6/E7 or LI proteins. In these vectors, it would not be 
desired to include the immunoregulatory Ad E3 or CMV H301 genes. 

DETD . . . among the group described in Example 5, and the therapeutic 
palliative. Ordered insertion of the hairpin ribozyme, Ad E3 or CMV 
H301, IRES, and heterologous gene of interest components along the 
multiple cloning sequence located in the vector between the vector. 

DETD The coding region and transcriptional termination signals of HSV-1 

thymidine kinase gene (HSV-TK) are isolated as a 1.8 kb Bgl II/Pvu II 
fragment from plasmid 322TK. 

selected from the group consisting of influenza virus, respiratory 
syncytial virus, HPV, HBV, HIV, HSV, FeLV, FIV, HTLV-1, HTLV-2, and CMV 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A eukaryotic layered vector initiation system comprising a eukaryoti 
promoter 5* of viral cDNA which initiates within a cell the 5' to 3' 
synthesis of RNA from cDNA, wherein said RNA comprises a vector 
construct which autonomously amplifies in a cell, said vector construct 
expressing a heterologous nucleic acid sequence. 

2. The eukaryotic layered vector initiation system according to claim 1 
wherein said 5' promoter is a DNA promoter of RNA synthesis. 

3. The eukaryotic layered vector initiation system according to claim 1 
wherein said vector construct which autonomously amplifies comprises a 
sequence which initiates transcription of alphavirus RNA following said 
eukaryotic promoter 5' of viral cDNA, a nucleic acid sequence which 
encodes alphavirus nonstructural proteins, an alphavirus RNA polymerase 
recognition sequence and a 3* polyadenylate tract. 

4. The eukaryotic layered vector initiation system according to claim 1 
further comprising a transcription termination sequence. 

5. The eukaryotic layered vector initiation system according to claim 1 
wherein said vector construct which autonomously amplifies is derived 
from a virus selected from the group consisting of poliovirus, 



Astrovirus . 



6. The eukaryotic layered vector initiation system according to claim 1, 
wherein said vector construct which autonomously amplifies is derived 
from*a virus selected from the group consisting of tobamoviruses, 
potyviruses and bromoviruses . 

7. The eukaryotic layered vector initiation system according to claim 1, 
wherein said promoter is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, CaMV 35S promoter, nopaline synthatase promoter, and the CMV 
promoter . 

8. The eukaryotic layered vector initiation system according to claim 1, 
wherein said heterologous sequence is a sequence encoding a protein 
selected from the group consisting of IL-1, IL-2, IL-3, IL-4, IL-5, 
IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, 

a- I FN, p-IFN, y-IFN, G-CSF, and GM-CSF. 

9. The eukaryotic layered vector initiation system according to claim 1, 
wherein said heterologous sequence is obtained from a virus selected 
from the group consisting of influenza virus, respiratory syncytial 
virus, HPV, HBV, HCV, EBV, HIV, HSV, FeLV, FIV, Hantavirus, HTLV I, HTLV 
II, and CMV. 

10. The eukaryotic layered vector initiation system according to claim 
1, wherein said heterologous sequence is an antisense sequence, a 
non-coding sense sequence or ribozyme sequence. 

11. The eukaryotic layered vector initiation system according to claim 
10, wherein said antisense sequence or non-coding sense sequence is 
selected from the group consisting of sequences which are complementary 
to influenza virus, respiratory syncytial virus, HPV, HBV, HCV, EBV, 
HIV, HSV, and CMV sequences. 

12. A host cell containing a eukaryotic layered vector initiation system 
according to any one of claims 1 to 11. 

13. The host cell according to claim 12 wherein said cell is a 
eukaryotic cell. 

14. The host cell according to claim 12 wherein the eukaryotic layered 
vector initiation system is stably integrated. 

15. The host cell according to claim 12 wherein said cell is a mammalian 
cell. 

16. A method for producing one or more recombinant proteins, comprising 
growing, under suitable nutrient conditions, eukaryotic host cells 
transformed or transfected with a eukaryotic layered vector initiation 
system according to claim 1 in a manner allowing expression of said 
heterologous sequence. 

17. The method according to claim 16 wherein said recombinant protein is 
selected from the group consisting of an interleukin, an interferon, 
insulin, hemoglobin, EP G-CSF, GM-CSF, M-CSF, SCF, MGDF, the flt3 
ligand, BDNF, NT-3, CNTF, NGF, PDGF, FGF, EGF, KGF, factor VIII, factor 
IX, t-PA, streptokinase, human growth hormone, ICAM-1, and ELAM. 

18. A method for delivering a heterologous nucleic acid sequence to an 
animal, comprising administering to said animal a eukaryotic layered 
vector initiation system according to claim 1. 

19. A method for producing a recombinant protein, comprising 
administering to a tissue of an animal a eukaryotic layered vector 
initiation system according to claim 1, wherein the eukaryotic layered 
vector initiation system comprises a selected heterologous nucleotide 
sequence which is expressed upon introduction into the tissue of said 
animal . 

20. A method for producing packaged vector particles, comprising 
introducing a eukaryotic layered vector initiation system according to 
claim 1 into a packaging cell line. 

AI US 1995-404796 19950315 (8) 

SUMM . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3 1 sequence which 

controls transcription termination. 
SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 

controls transcription termination. 
SUMM . . . transcription of the subgenomic fragment is reduced, an 



controls transcription termination. 

SUMM . . * cell, the vector construct being capable of expressing a 

heterologous nucleic acid sequence, and a 3 f sequence which controls 
transcription termination. 

SUMM . . . cell, the vector construct being capable of expressing a 
heterologous ribonucleic acid sequence, and a 3 1 DNA sequence which 
controls transcription termination. 

SUMM . . . from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 
polyadenylation sequence. 

SUMM . . . group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
preferred embodiment, the heterologous sequence obtained from HPV 
encodes a protein selected from the group consisting of E5, . 

SUMM . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

SUMM 5C distal, SV40, heat shock protein 65, heat shock protein 70, 

Py, RSV, BK, JC, MuLV, MMTV, alphavirus junction region, CMV and VA1RNA. 

DETD . . . reduce viral transcription of the subgenomic fragment, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. The vector may also include 
nucleic acid molecule (s) which are of a size sufficient to allow 
production of viable virus, . 

DETD . . . sequence encoding one or more proteins, said proteins 

preferably comprising alphavirus structural protein (s). Optionally, the 
expression cassette may include transcription termination, splice 
recognition, and polyadenylation addition sites. Preferred promoters 
include the CMV, MMTV, MoMLV, and adenovirus VA1RNA promoters. In 
addition, the expression cassette may contain selectable markers such as 
Neo, SV2 Neo, . 

DETD . . . promoters, such as, for example, the p-galactosidase 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 
promoter, SV4 0 promoter, CMV promoter, and MoMLV LTR. 

DETD 4. The CMV H301 Gene 

DETD . . . the human immunoglobulin heavy-chain binding protein, and a 
synthetic sequence of at least 15 bps corresponding in part to the 
Kozak consensus sequence for efficient translational initiation. 
Although not described in detail here, these signals which affect 
translation initiation can also. 

DETD As noted above, the alphavirus cDNA vector construct also includes a 3* 
sequence which controls transcription termination. A representative 
example of such a sequence is set forth in more detail below in Examples 
2 and 3. 

DETD . . . vector may be selected to hybridize to any pathogen-specific 
RNA, for instance target cells infected by pathogens such as HIV, CMV, 
HBV, HPV and HSV. 

DETD . . . that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . "HCV", respectively), Human Papiloma Virus ("HPV"), 

Epstein-Barr Virus ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, 
TTLV I, HTLV II and Cytomegalovirus ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a 
portion of the respective antigen which. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3 1 sequence which controls 
transcription termination. Briefly, such eukaryotic layered vector 
initiation systems provide a two-stage or "layered" mechanism which 
controls expression of heterologous nucleotide sequences., 
promoter which is capable of initiating the 5* synthesis of RNA from 
cDNA (e.g., a 5' promoter), a 3' transcription termination site, as 
well as one or more splice sites and/or a polyadenylation site, if 
desired. Representative promoters suitable for use. . . Mouse polyoma 
virus promoter ("Py"), rous sarcoma virus ("RSV"), BK virus and JC virus 
promoters, MMTV promoter, alphavirus junction region, CMV promoter, 
Adenovirus VA1RNA, rRNA promoter, tRNA methionine promoter, CaMV 35S 
promoter, nopaline synthetase promoter, and the lac promoter. The 
second. 

DETD . . . example, vector systems derived from viruses of the following 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenavi ridae, Retroviridae (e.g., 
RSV, MoMLV, HIV, HTLV), hepatitis delta. 

DETD . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. Within various embodiments, the 



the subgenomic fragment is merely. 

DETD . . - auto-immune or immune diseases. Representative examples of such 
diseases include viral infections such as HIV, HBV HTLV I, HTLV II, 
CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, 
Alzheimer's disease and heart disease. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3* sequence which controls 
transcription termination. Within one embodiment, such constructs may- 
be constructed of the following ordered elements: a 5' eukaryotic 
promoter capable of initiating. . . alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 
alphavirus RNA polymerase recognition sequence, and a 3' transcription 
termination/polyadenylation signal sequence. Such alphavirus cDNA 
expression vectors may also include intervening sequences (introns), 
which are spliced from the pre-RNA in. 

DETD . . . occurs from the pKSSINBVdlJR construct. Junction region changes 
at Sindbis nts 7600 and 7602 are downstream of the NSP 4 termination 
codon and upstream of the structural proteins initiation codon. 

DETD . . . are observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong Nyong virus, 
Eastern Equine Encephalitis virus, Western Equine Encephalitis 
virus, and Venezuelan Equine Encephalitis virus) are given below: 

DETD In order to insert the luciferase gene into the pVGELVIS-SINBV vector, 
the SV40 intron and transcription termination sequences at the 3' -end 
of luciferase must be removed so that when the pre-RNA, transcribed from 
the plasmid DNA luciferase. 

DETD . . . expression, is enhanced by several modifications to the 

pVGELVIS-SINBV-luc vector. These modifications include alternate RNA 
polymerase II promoters and transcription termination signals, the 
addition of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid. 

DETD The transcription termination signals from the SV40 early region or 

Bovine growth hormone are inserted between the Sac I and Eco RI sites of 
PBGS131. The SV40 nts between viral nts 2643 to 2563 containing the 
early region transcription termination sequences are isolated by PCR 
amplification using the primer pair shown below and the pBR322/SV40 
plasmid (ATCC # 4 5019) as. 

DETD The Bovine growth hormone transcription termination sequences are 

isolated by PCR amplification using the primer pair shown below and the 
pCDNA3 plasmid (Invitrogen) as template. 

DETD In additional modifications to the ELVIS vector, the transcription 
termination sequences are fused directly to the 3 '-end Sindbis 
sequences, resulting in deletion of the polyadenylate tract; or 
alternatively the antigenomic. . . ribozyme sequence of hepatitis 
delta virus (HDV) is inserted between the 3 1 -polyadenylate tract of the 
ELVIS vector and the transcription termination signals. 

DETD In the second vector 3 1 -end configuration, the SV40 or BGH transcription 
termination signals are fused directly to the 3 '-end of the ELVIS 
vector corresponding to Sindbis nt 11,7 00 and the polyadenylate tract. 

DETD ... a polyadenylate tract are combined with the plasmid 

constructions containing the HDV ribozyme sequence and the SV40 or BGH 
transcription termination signals. This construction corresponds to 
the insertion of pKSSINBV and pKSSINBV-luc vector sequences into the 
pBGS131/HDV/3'SV40TT and pBGS131/HDV/3 ' BGHTT plasmids. Alternatively,. 

precisely at the viral 3' end corresponding to viral nt 11,700 are 
linked directly to the SV40 or BGH transcription termination signals. 
This construction corresponds to the insertion of pKSSINBVdlA and 
pKSSINBVdlA-luc vector sequences into the pBGS131/HDV/3 1 SV4 0TT and 
PBGS131/HDV/3' BGHTT plasmids. 

DETD Using the same overlapping PCR approach, the CMV promoter is 

positioned at the 5' viral end such that transcription initiation 
results in the addition of a single non-viral nucleotide at the Sindbis 
5' end. Amplification of the CMV promoter in the first primary PCR 
reaction is accomplished in a reaction containing the pCDNA3 plasmid and 
the following primer . 

DETD Forward primer: pCBgl233F buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22) 

DETD Reverse primer: SNCMV1142R (SIN nts 8-1/CMV pro nts 1142-1108) 

DETD Forward primer: CMVSIN1F (CMV pro nts 1124-1142/SIN nts 1-20) 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22) 

DETD . . . plasmid DNA (FIG. 22A) . The data also demonstrate that direct 

linkage between the Sindbis virus 3* -end and two different transcription 
termination/polyadenylation signals, resulting in deletion of the 
synthetic A 2 s tract, decreased the activity of the DNA vector by 
more than three. 

DETD . . of in vitro synthesized transcripts, the cDNA is exchanged into 

a vector containing an RNA polymerase II promoter and transcription 
termination/polyadenylation sequence, as described in Example 2. For 
plant applications, such promoter and termination sequences are chosen 
from the appropriate plant systems (e.g., CaMV 35S promoter (Guilley et 



transcription termination sequence {Sanders et al., Nucleic Acids Res. 
15:1543-1558). Vector constructs derived from these infectious genomic 
cDNA clones is subsequently accomplished. 

DETD . . . downstream of the disabled junction region in the pKSSINBVdlJR 
vector, which allows ribosomal scanning in genomic mRNA from 
non-structural gene termination to the heterologous genes. The 
heterologous proteins are expressed from genomic length mRNA by 
ribosomal scanning. This extends the life. 

DETD . . . et al., Gene 108:167-174, 1991). The sequences surrounding the 
ATG start codon from bases -9 to +1 conform to the KozaJc consensus 
sequence for efficient translational initiation (KozaJc, Cell 
44:283-292, 1986). Where possible, the 3' terminal nucleotide 
corresponding to the carboxy terminal amino acid is changed to T, . 

DETD . . . gpt, for the current neomycin resistance, or other promoter 
elements, for example Drosophilia metallothionein or hsp 70, for the 
current CMV, MuLV, and SV4 0 promoters, may be readily accomplished 
given the disclosure provided herein. 

DETD . . . map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides 
corresponding to the KozaJc consensus sequence for efficient 
translational initiation at Sindbis nt 7638. The forward primer is 
complementary to Sindbis nts 7638-7661, and. 

DETD . . . structural protein gene mRNA, the alphavirus structural protein 
gene sequences, the 3 ' -end alphavirus sequences required for 
replication, and a transcription termination/polyadenylation sequence. 
Because of an upstream open-reading frame which ends in translation 
termination codons prior to the AUG start site of the structural 
protein genes, expression of the alphavirus structural proteins can 
occur. 

DETD In addition to their respective complementarities, primer SIN276-SPE 
contains a flanking UAA translation termination codon and Spel 
recognition sequence at its 5* end. PCR amplification of the fragment 
containing Sindbis 5* -end sequences fused to. 

DETD Modifications of the CMV promoter/antisense-Sindbis structural protein 
vector also can be constructed using other viral, cellular, or 
insect-based promoters. Using common molecular biology techniques know 
in the art, the CMV promoter can be switched out of the Invitrogen 
pcDNA3 vector and replaced by promoters such as those listed previously. 
Other. . . use of longer or shorter HDV or other catalytic ribozyme 
sequences for transcript processing, the substitution of a precise 
transcription termination signal for the catalytic ribozyme sequence, 
or the antisense expression of structural protein gene cassettes using 
any downstream sequence recognized. 

DETD . . . vector and the Astrovirus expression cassette, between the 
Astrovirus junction region and structural gene ATG, and between the 
structural gene termination codon and the Astrovirus 3' end. In order 
to generate wild type virus, this dual recombination event would have 
to. 

DETD . . . glycoproteins El and/or E2 from other alphaviruses or their 

variants is performed to alter tissue tropism. For example, Venezuelan 
equine encephalitis virus (VEE) is an alphavirus which exhibits 
tropism for cells of lymphoid origin, unlike its Sindbis virus 
counterpart. Therefore, Sindbis-derived vector. 

DETD ... is amplified with a primer pair whose 5 ' -ends map, 

respectively, to the authentic AUG translational start site, including 
the surrounding KozaJc consensus sequence, and UGA translational stop 
site. The forward primer is complementary to VEE nucleotides 7553-7579, 
and the reverse primer. 

DETD . . . Madison, Wis.) by digestion of pcDNA3 with Apa I and EcoRV 
followed by GENECLEAN . TM . purification. The resulting construct, 
containing a CMV promoter which transcribes an antisense reporter 
cassette RNA of the configuration Sindbis 3' -end sequence/LacZ 
gene/ junction region/Sindbis 5 1 -end sequence/HDV ribozyme, is. 

DETD . . . vector. The re-ligated construct contains an antisense LacZ 

gene and a 3* Sindbis replicase protein recognition sequence downstream 
from a CMV promoter. The resulting construct is known as 
pcDNAaLacZ-S'Sin. The construct is transfected into BHK cells and 
utilized as described previously. 

DETD . . . assays; (d) map immune response epitopes; and (e) elicit and 

measure CTL responses to other non-HIV antigens such as mouse CMV(MCMV) . 

DETD Subgenomic mRNA is synthesized in these vectors, which serves as a 
translational template for the Ad E3 and CMV H301 genes. Thus, in 
these constructions, functional HPV 16 antisense and hairpin ribozyme 
palliatives will be present on the levels. 

DETD . . . the E6/E7 or LI proteins. In these vectors, it would not be 
desired to include the immunoregulatory Ad E3 or CMV H301 genes. 

DETD . . . among the group described in Example 5, and the therapeutic 
palliative. Ordered insertion of the hairpin ribozyme, Ad E3 or CMV 
H301, IRES, and heterologous gene of interest components along the 
multiple cloning sequence located in the vector between the vector. 

DETD The coding region and transcriptional termination signals of HSV-1 



fragment from plasmid 322TK. 

4. The eukaryotic layered vector initiation system according to claim 1, 
further comprising a transcription termination sequence. 

group consisting of the MoMLV promoter, metallothionein promoter, 
glucocorticoid promoter, SV4 0 promoter, CaMV 35S promoter, nopaline 
synthatase promoter, and the CMV promoter. 

of influenza virus, respiratory syncytial virus, HPV, HBV, HCV, EBV, 
HIV, HSV, FeLV, FIV, Hantavirus, HTLV I, HTLV II, and CMV. 

group consisting of sequences which are complementary to influenza 
virus, respiratory syncytial virus, HPV, HBV, HCV, EBV, HIV, HSV, and 
CMV sequences. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT . 
CLM What is claimed is: 

1. A pharmaceutical composition comprising: a) a polynucleotide function 
enhancer; and b) a DNA molecule that comprises a DNA sequence that 
encodes an antigen; wherein said polynucleotide function enhancer is 
selected from the group consisting of bupivacaine and tetracaine and 
said DNA sequence operatively linked to regulatory sequences which 
control the expression of said DNA sequence. 

2. The pharmaceutical composition of claim 1 wherein said composition 
comprises bupivacaine. 

3. The pharmaceutical composition of claim 1 wherein said composition 
comprises tetracaine. 

4. The pharmaceutical composition of claim 1 wherein said DNA molecule 
is a plasmid. 

5. The pharmaceutical composition of claim 1 wherein said DNA sequence 
encodes a variable region of a T cell receptor. 

6. The pharmaceutical composition of claim 1 wherein said DNA sequence 
encodes a pathogen antigen. 

7 . The pharmaceutical composition of claim 6 wherein said DNA sequence 
encodes an antigen from an intracellular pathogen. 

8. The pharmaceutical composition of claim 7 wherein said antigen is a 
viral antigen. 

9. The pharmaceutical composition of claim 7 wherein said pathogen is a 
virus selected from the group consisting of: human immunodeficiency 
virus, HIV; human T cell leukemia virus, HTLV; influenza virus; 
hepatitis A virus; hepatitis B virus; hepatitis C virus; human papilloma 
virus, HPV; Herpes simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; 
Cytomegalovirus, CMV; Epstein-Barr virus, EBR; rhinovirus; and, 
coronavirus . 

10. The pharmaceutical composition of claim 9 wherein said pathogen is 
Herpes simplex 2 virus, HSV2. 

11. The pharmaceutical composition of claim 9 wherein said pathogen is 
Hepatitis B virus, HBV. 

12. The pharmaceutical composition of claim 9 wherein said pathogen is 
human T cell leukemia virus, HTLV. 

13. The pharmaceutical composition of claim 9 wherein said pathogen is a 
human immunodeficiency virus. 



14. The pharmaceutical composition of claim 1 wherein said DNA sequence 
encodes a hyperprolif erative disease associated protein. 



hyperproliferative disease is cancer. 



16. The pharmaceutical composition of claim 14 wherein said 
hyperproliferative disease is a lymphoma. 

17. The pharmaceutical composition of claim 14 wherein said 
hyperproliferative disease is a melanoma. 

18. A method of immunizing an individual comprising the steps of: 
injecting into tissue of said individual at a site on said individual's 
body, a DNA molecule and a polynucleotide function enhancer, said DNA 
molecule comprising a DNA sequence that encodes an antigen, said DNA 
sequence operatively linked to regulatory sequences which control the 
expression of said DNA sequence, said polynucleotide function enhancer 
selected from the group consisting of bupivacaine and tetracaine; 
wherein said DNA molecule is taken up by cells in said tissue, said DNA 
sequence is expressed in said cells and an immune response is generated 
against said antigen. 



19. The method of 
skeletal muscle. 


claim 


18 


wherein 


said 


tissue includes skin and 


20. 


. The method 
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claim 


18 


wherein 


said 


tissue is skin. 


21. 


. The method 


of 


claim 


18 


wherein 


said 


tissue is muscle. 


22. 


, The method 


of 


claim 


18 


wherein 


said 


tissue is skeletal muscle. 


23. 
is 


. The method 
bupivacaine , 


of 


claim 


18 


wherein 


said 


polynucleotide function enhancer 


24 . 
is 


, The method 
tetracaine . 


of 


claim 


18 


wherein 


said 


polynucleotide function enhancer 
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. The method 
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claim 


18 


wherein 


said 


DNA molecule is a plasmid. 


26. The method of claim 
against said antigen is 


18 
an 


wherein said immune response generated 
immune response against a pathogen antigen. 


27. The method 
pathogen . 


of 


claim 


26 


wherein 


said 


pathogen is an intracellular 
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, The method 


of 


claim 


27 


wherein 


said 


intracellular pathogen is a 



virus . 



29. The method of claim 26 wherein said pathogen is a virus selected 
from the group consisting of: human immunodeficiency virus, HIV; human T 
cell leukemia virus, HTLV; influenza virus; hepatitis a virus; hepatitis 
B virus; hepatitis C virus; human papilloma virus, HPV; Herpes simplex 1 
virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, CMV; 
Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

30. The method of claim 18 wherein said immune response generated 
against said antigen provides a protective immune response against a 
pathogen and said individual is immunized against said pathogen. 

31. The method of claim 30 wherein said tissue is skin. 

32. The method of claim 30 wherein said tissue is skeletal muscle. 

33. The method of claim 30 wherein said polynucleotide function enhancer 
is bupivacaine. 

34. The method of claim 30 wherein said polynucleotide function enhancer 
is tetracaine. 

35. The method of claim 30 wherein said DNA molecule is a plasmid. 

36. The method of claim 30 wherein said antigen is a pathogen antigen. 

37. The method of claim 30 wherein said pathogen is an intracellular 
pathogen . 

38. The method of claim 37 wherein said intracellular pathogen is a 
virus . 



39. The method of claim 38 wherein said virus is selected from the group 
consisting of: human immunodeficiency virus, HIV; human T cell leukemia 
virus, HTLV; influenza virus; hepatitis A virus; hepatitis B virus; 
hepatitis C virus; human papilloma virus, HPV; Herpes simplex 1 virus, 
HSV1; Herpes simplex 2 virus, HSV2 ; Cytomegalovirus, CMV; Epstein-Barr 
virus, EBR; rhinovirus; and, coronavirus . 



40. The method of claim 39 wherein said virus is Herpes simplex 2 virus, 
HSV2. 



41. The method of claim 39 wherein said virus is Hepatitis B virus, HBV. 

42. The method of claim 39 wherein said virus is human T cell leukemia 
virus, HTLV. 

43. The method of claim 18 wherein said immune response generated 
against said antigen provides a therapeutic immune response against a 



pathogen in an 


individual i 
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irein said immune response generated 
against said antigen is an immune response against a hyperprolif erative 
disease-associated protein. 



muscle . 
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said 
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tetracaine . 












56. 


. The method 


of 


claim 


51 


wherein 


said 



57. The method of claim 51 wherein said hyperprolif erative 
disease-associated protein is selected from the group consisting of: 
protein products of oncogenes myb, myc, fyn, ras, src, neu and trk; 
protein products of translocation gene bcr/abl; P53; variable regions of 
antibodies made by B cell lymphomas; and variable regions of T cell 
receptors of T cell lymphomas. 

58. The method of claim 51 wherein said immune response generated 
against said antigen is a therapeutically effective immune response 
against a hyperproli f erative disease-associated protein in an individual 
who has a hyperprolif erative disease. 

59. The method of claim 58 wherein said hyperprolif erative disease is 
cancer . 

60. The method of claim 58 wherein said hyperproli f erative disease is a 
melanoma . 

61. The method of claim 58 wherein said hyperprolif erative disease is a 
lymphoma . 

62. The method of claim 18 wherein said immune response generated 
against said antigen is an immune response against an autoimmune 
disease-associated protein. 

63. The method of claim 62 wherein said tissue is skin. 

64. The method of claim 62 wherein said tissue is skeletal muscle. 

65. The method of claim 62 wherein said polynucleotide function enhancer 
is bupivacaine. 

66. The method of claim 62 wherein said polynucleotide function enhancer 
is tetracaine. 



67. The method of claim 62 wherein said DNA molecule is a plasmid. 



associated-protein is selected from the group consisting of: variable 
regions of antibodies involved in B cell mediated autoimmune disease; 
and variable regions of T cell receptors involved in T cell mediated 
autoimmune disease. 

69. A method of introducing DNA molecules into cells of an individual 
comprising the step of: injecting into tissue of said individual at a 
site on said individual's body, DNA molecules and a polynucleotide 
function enhancer selected from the group consisting of bupivacaine and 
tetracaine, wherein said DNA molecules are taken up by cells in said 
tissue . 

70. The method of claim 69 wherein said DNA molecule comprises a DNA 
sequence that encodes an protein, said DNA sequence operatively linked 
to regulatory sequences which control the expression of said DNA 
sequence . 
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DETD . . . individual. Regulatory elements for DNA expression include a 

promoter and a polyadenylation signal. In addition, other elements, such 
as a KozaJc region, may also be included in the genetic construct. 

DETD . . . the DNA or RNA molecule that comprises a nucleotide sequence 
which encodes the desired protein and which includes initiation and 
termination signals operably linked to regulatory elements including a 
promoter and polyadenylation signal capable of directing expression in 
the cells of. 

DETD ... is necessary that these elements are functional in the 

individual to whom the gene construct is administered. The initiation 
and termination codons must be in frame with the coding sequence. 

DETD . . . Virus (MMTV) promoter, Human Immunodeficiency Virus (HIV) such 
as the HIV Long Terminal Repeat (LTR) promoter, Moloney virus, ALV, 
Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus ( EBV) , Rous Sarcoma Virus (RSV) as well as promoters 
from human genes such as. 

DETD . . . but not limited to: human Actin, human Myosin, human 

Hemoglobin, human muscle creatine and viral enhancers such as those from 
CMV, RSV and EBV. 

DETD . . . and a polyadenylation signal. The promoter may be selected from 
the group consisting of: HIV LTR, human Actin, human Myosin, CMV, RSV, 
Moloney, MMTV, human Hemoglobin, human muscle creatine and EBV. The 
enhancer may be selected from the group consisting of: human Actin, 
human Myosin, CMV, RSV, human Hemoglobin, human muscle creatine and 
EBV. The polyadenylation signal may be selected from the group 
consisting of: LTR. 

DETD A region from just upstream of the unique PflMI site to just after the 
vif termination codon was amplified via PCR using primers that 
introduced a non-conservative amino acid change (glu->val) at 
amino acid 22 of . 

DETD . . . HXB2 was amplified via PCR and cloned into the expression 

vector pCNDA/neo (Invitrogen) . This plasmid drives envelope production 

through the CMV promoter. 
DETD . . . expression is MMTV LTR. The promoter may be deleted and 

replaced with Actin promoter, myosin promoter, HIV LTR promoter and 

CMV promoter. 
DETD . . . Actin no no yes 
RA-4 Actin CME yes yes 
RA-5 Actin CME yes no 
RA-6 Actin CME no yes 
RA-7 CMV no yes yes 
RA-8 CMV no yes no 
RA-9 CMV no no yes 
RA-10 CMV CME yes yes 
RA-11 CMV CME yes no 
RA-12 CMV CME no yes 
RA-13 MMTV no yes yes 
RA-14 MMTV no yes no 
RA-15 MMTV no no yes 



DETD . . . The HIV 5 1 LTR promoter can be deleted and replaced with Moloney 
virus promoter, MMTV LTR, Actin promoter, myosin promoter and CMV 
promoter. 

DETD . . . Moloney HIV 3' LTR yes 

LA-2 Moloney SV40 yes 
LA-3 Moloney HIV 3' LTR no 
LA-4 Moloney SV4 0 no 
LA -5 CMV HIV 3* LTR yes 
LA- 6 CNV SV4 0 yes 
LA-7 CMV HIV 3' LTR no 
LA- 8 CMV SV40 no 
LA- 9 MMTV HIV 3* LTR yes 
LA-10 MMTV SV40 yes 
LA-11 MMTV HIV 3' LTR no 
LA-12 MMTV. . . 

DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
env coding region is placed under the regulatory control of the CMV 
promoter and SV40 polyadenylation site. The HIV env coding region was 
obtained as a 2.3 kb PCR fragment form HIV/3B, . 

DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV4 0 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV40 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

DETD Several safety features are included in pGAGPOL. rev . These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
deletion of the \\f sequence limits the ability to package viral RNA. 
In. . . 

DETD Several safety features are included in PGAGPOL. rev. These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
tat has been deleted and a 50% deletion of nef yields an "inactive". 

DETD Step 4a. Digest with BamHI and ligate with the CMV promoter obtained 

by PCR of pCEP4 (Invitrogen, San Diego Calif.) with primers SEQ ID NO:25 
and SEQ ID NO: 26. 

DETD ... be any promoter functional in a human cell. It is preferred 
that the promoter is an SV40 promoter or a CMV promoter, preferably a 
CMV immediate early promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that. 

separated by non-coding regions. In order to be properly 
expressed, a coding region must have an initiation codon and a 
termination codon. 

DETD ... be any promoter functional in a human cell. It is preferred 
that the promoter is an SV40 promoter or a CMV promoter, preferably a 
immediate early CMV promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that 
the polyadenylation. . . separated by non-coding regions. In order to 
be properly expressed, a coding region must have an initiation codon and 
a termination codon. 

DETD . . . identical to or substantially similar to epitopes of HIV 

proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation signal. 

DETD . . . encodes at least one HIV protein or a fragment thereof. The 
coding sequence is under the regulatory control of the CMV immediate 
early promoter and the SV40 minor polyadenylation signal. The HIV 
protein is selected from the group consisting of gag, . 

DETD . . . identical to or substantially similar to epitopes of HIV 

proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation 
signal. The two expression units are encoded in opposite directions of 
each. 

DETD . . . protein or a fragment thereof. Each expression unit comprises a 
coding sequence that is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadenylation signal. The 
HIV protein is selected from the group consisting of gag, . 

DETD Step 9. Cut pCEP4 (Invitrogen) with Sail to release a DNA fragment 

containing the CMV promoter, polylinker, and SV40 poly A site. Purify 
this fragment and blunt-off with the Klenow fragment of DNA Polymerase 
I. 

DETD . . . fragment obtained in step 9. Isolate plasmid containing the 
bacterial origin of replication, the KanR gene, the RSV enhancer, 
the CMV promoter, polylinker, and the SV40 poly A site. 

DETD . . . coding region of rev containing both the Avail site and the 

nucleotide encoding amino acid 81. A stop codon causing termination of 
Nef at amino acid position 63 and the 3* coding cloning site, Mlul, will 
be introduced by the 3'. 

DETD . . . include Senilis viruses, 



Equine encephalitis. 
Reovirus: (Medical) Rubella virus. 
Flariviridue Family 
Examples include: (Medical) dengue, 
yellow fever, Japanese encephalitis, St. 
Louis encephalitis and tick borne 
encephalitis viruses. 
Hepatitis C Virus: (Medical) these viruses are not placed in 
a family yet but are believed to be either a togavirus or a 
flavivirus. Most similarity is with togavirus family. 
Coronavirus Family: 

(Medical and Veterinary) 
Infectious bronchitis virus (poultry) 
Porcine transmissible gastroenteric virus 
(pig) 
Porcine. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 



L8 ANSWER 6 OF 11 US PAT FULL on STN 

1999:121330 Compositions and methods for delivery of genetic material. 
Carrano, Richard A., Paoli, PA, United States 
Wang, Bin, Haidian, China 

Weiner, David B., Merion, PA, United States 

Apollon, Inc., Malvern, PA, United States (U.S. corporation ) The Trustees Of 

The University of Pennsylvania, Philadelphia, PA, United States (U.S. 

corporation ) 

US 5962428 19991005 

WO 9526718 19951012 

APPLICATION: US 1996-704701 19960916 (8) 

WO 1995-US4071 19950330 19960916 PCT 371 date 19960916 PCT 102(e) date 

DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A method of generating an immune response in an individual against an 
antigen comprising administering in vivo to muscle or skin of said 
individual's body a genetic vaccine facilitator selected from the group 
consisting of: anionic lipids; saponins; lectins; estrogenic compounds; 
hydroxylated lower alkyls; dimethyl sulfoxide; and urea; and, a DNA 
molecule that is dissociated from an infectious agent and comprises a 
DNA sequence that encodes said antigen, said DNA sequence operatively 
linked to regulatory sequences which control the expression of said DNA 
sequence; wherein said DNA molecule is taken up by cells, said DNA 
sequence is expressed in said cells and an immune response is generated 
against said antigen. 

2. The method of claim 1 wherein said genetic vaccine facilitator is an 
anionic lipid selected from the group consisting of: salts of lauric and 
oleic acids, lauric and oleic acids, acid esters of lauryl and cetyl 
alcohol, and sulfonates. 



3. The method of claim 1 wherein said genetic vaccine facilitator is an 
anionic lipid selected from the group consisting of: sodium lauryl 
sulfate and oleic acid. 



4. The method of claim 1 wherein said genetic vaccine facilitator is a 
saponin selected from the group consisting of: saponarin, 
sarmentocymarin and sapogenins. 

5. The method of claim 1 wherein said genetic vaccine facilitator is a 
saponin selected from the group consisting of: sarmentogenin, 
sarsasapogenin and sarverogenin . 

6. The method of claim 1 wherein said genetic vaccine facilitator is a 
lectin selected from the group consisting of: concanavalin A, abrin, 
soybean agglutinin and wheat germ agglutinin. 

7. The method of claim 1 wherein said genetic vaccine facilitator is 
concanavalin A. 



8. The method of claim 1 wherein said genetic vaccine facilitator is 
p-estradiol . 



9. The method of claim 1 wherein said genetic vaccine facilitator is 
selected from the group consisting of: ethanol, n-propanol, isopropanol 
and n-butanol. 

10. The method of claim 1 wherein said genetic vaccine facilitator is 
dimethyl sulfoxide. 

11. The method of claim 1 wherein said genetic vaccine facilitator is 
urea . 

12. A method of generating an immune response in an individual against a 
pathogen comprising administering in vivo to muscle or skin of said 
individual's body a genetic vaccine facilitator selected from the group 
consisting of: anionic lipids; saponins; lectins; estrogenic compounds; 
hydroxylated lower alkyls; dimethyl sulfoxide; and urea; and, a DNA 
molecule that is dissociated from an infectious agent and comprises a 
DNA sequence that encodes a protein which comprises at least one epitope 
that is identical or substantially similar to an epitope of a pathogen 
antigen, said nucleotide sequence being operably linked to regulatory 
sequences; wherein said DNA molecule is taken up by cells, said DNA 
sequence is expressed in said cells and an immune response is generated 
against said antigen. 

13. The method of claim 12 wherein said genetic vaccine facilitator is 
selected from the group consisting of: sodium lauryl sulfate; oleic 
acid; saponarin; sarmentocymarin; sapogenins; sarmentogenin; 
sarsasapogenin; sarverogenin; concanavalin A; p-estradiol; ethanol; 
dimethyl sulfoxide; and urea. 

14. The method of claim 12 wherein said DNA molecule is a plasmid. 

15. The method of claim 12 wherein said protein is a pathogen antigen or 
a fragment thereof which is antigenic. 

16. The method of claim 12 wherein said DNA molecule is administered 
intramuscularly. 

17. The method of claim 12 wherein said pathogen is a virus selected 
from the group consisting of: human immunodeficiency virus, HIV; human T 
cell leukemia virus, HTLV; influenza virus; hepatitis A virus, HAV; 
hepatitis B virus, HBV; hepatitis C virus, HCV; human papilloma virus, 
HPV; Herpes simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; 
Cytomegalovirus, CMV; Epstein-Barr virus, EBV; rhinovirus; and, 
coronavirus . 

18. The method of claim 12 wherein at least two or more different 
nucleic acid molecules are administered to different cells of an 
individual; said different nucleic acid molecules each comprising DNA 
sequences encoding one or more pathogen antigens of the same pathogen. 

19. The method of claim 12 wherein said genetic vaccine facilitator and 
said DNA molecule are administered simultaneously. 

20. A method of generating an immune response in an individual against a 
disease comprising administering in vivo to muscle or skin of said 
individual's body a genetic vaccine facilitator selected from the group 
consisting of: anionic lipids; saponins; lectins; estrogenic compounds; 
hydroxylated lower alkyls; dimethyl sulfoxide; and urea; and, a DNA 
molecule that is dissociated from an infectious agent and comprises a 
DNA sequence that encodes a protein which comprises an epitope identical 
or substantially similar to an epitope of a protein associated with said 
disease operatively linked to regulatory sequences; wherein said DNA 
molecule is taken up by cells, said DNA sequence is expressed in said 
cells and an immune response is generated against said target protein. 

21. The method of claim 20 wherein said genetic vaccine facilitator is 
selected from the group consisting of: sodium lauryl sulfate; oleic 
acid; saponarin; sarmentocymarin; sapogenins; sarmentogenin; 
sarsasapogenin; sarverogenin; concanavalin A; p-estradiol; ethanol; 
dimethyl sulfoxide; and urea. 

22. The method of claim 20 wherein said disease is characterized by 
hyperprolif erating cells. 

23. The method of claim 20 wherein said disease is an autoimmune 
disease . 

24. The method of claim 20 wherein said DNA molecule is a plasmid. 

25. The method of claim 20 wherein said DNA molecule is administered 
intramuscularly. 



sequence that encodes a protein selected from the group consisting of: 
protein products of oncogenes myb, myc, fyn, ras, sarc, neu and trk; 
protein products of translocation gene bcl/abl; p53; EGRF; variable 
regions of antibodies made by B cell lymphomas; and variable regions of 
T cell receptors of T cell lymphomas. 

27. The method of claim 20 wherein said protein is selected from the 
group consisting of: variable regions of antibodies involved in B cell 
mediated autoimmune disease; and variable regions of T cell receptors 
involved in T cell mediated autoimmune disease. 



28. A pharmaceutical composition comprising: i) a DNA molecule that is 
dissociated from an infectious agent and comprises a DNA sequence which 
encodes a protein wherein said DNA sequence is operably linked to 
regulatory sequences required for expression in a mammal and said 
protein is selected from the group consisting of: proteins which 
comprise at least one epitope that is identical or substantially similar 
to an epitope of a pathogen antigen; proteins which comprise an epitope 
identical or substantially similar to an epitope of a protein associated 
with hyperprolif erating cells; and proteins which comprise an epitope 
identical or substantially similar to an epitope of a protein associated 
with an autoimmune disease; and ii) a genetic vaccine facilitator 
selected from the group consisting of anionic lipids; saponins; lectins; 
estrogenic compounds; hydroxylated lower alkyls; dimethyl sulfoxide; and 
urea . 

29. The pharmaceutical composition of claim 28 wherein said genetic 
vaccine facilitator is selected from the group consisting of: sodium 
lauryl sulfate; oleic acid; saponarin; sarmentocymarin; sapogenins; 
sarmentogenin; sarsasapogenin; sarverogenin; concanavalin A; 
p-estradiol; ethanol; dimethyl sulfoxide; and urea. 

30. A pharmaceutical kit comprising: i) a container that comprises a DNA 
molecule that is dissociated from an infectious agent and comprises a 
DNA sequence which encodes a protein wherein said DNA sequence is 
operably linked to regulatory sequences required for expression in a 
mammal and said protein is selected from the group consisting of: 
proteins which comprise at least one epitope that is identical or 
substantially similar to an epitope of a pathogen antigen; proteins 
which comprise an epitope identical or substantially similar to an 
epitope of a protein associated with hyperproli f erating cells; and 
proteins which comprise an epitope identical or substantially similar to 
an epitope of a protein associated with an autoimmune disease; and ii) a 
container that comprises a genetic vaccine facilitator selected from the 
group consisting of: anionic lipids; saponins; lectins; estrogenic 
compounds; hydroxylated lower alkyls; dimethyl sulfoxide; and urea. 

31. The pharmaceutical kit of claim 30 wherein said genetic vaccine 
facilitator is selected from the group consisting of: sodium lauryl 
sulfate; oleic acid; saponarin; sarmentocymarin; sapogenins; 
sarmentogenin; sarsasapogenin; sarverogenin; concanavalin A; 
p-estradiol; ethanol; dimethyl sulfoxide; and urea. 

32. A method of delivering a protein into cells of an individual in vivo 
comprising administering to muscle or skin of said individual's body a 
genetic vaccine facilitator selected from the group consisting of: 
anionic lipids; saponins; lectins; estrogenic compounds; hydroxylated 
lower alkyls; dimethyl sulfoxide; and urea; and, a DNA molecule that is 
dissociated from an infectious agent and comprises a DNA sequence that 
encodes said protein, said DNA sequence operatively linked to regulatory 
sequences which control the expression of said DNA sequence; wherein 
said DNA molecule is taken up by cells, said DNA sequence is expressed 
in said cells producing said protein in said cells. 

33. The method of claim 30 wherein said genetic vaccine facilitator is 
an anionic lipid selected from the group consisting of: salts of lauric 
and oleic acids, lauric and oleic acids, acid esters of lauryl and cetyl 
alcohol, and sulfonates. 

34. The method of claim 30 wherein said genetic vaccine facilitator is 
an anionic lipid selected from the group consisting of: sodium lauryl 
sulfate and oleic acid. 

35. The method of claim 30 wherein said genetic vaccine facilitator is a 
saponin selected from the group consisting of: saponarin, 
sarmentocymarin and sapogenins. 

36. The method of claim 30 wherein said genetic vaccine facilitator is a 
saponin selected from the group consisting of: sarmentogenin, 
sarsasapogenin and sarverogenin. 



37. The method of claim 30 wherein said genetic vaccine facilitator is a 



soybean agglutinin and wheat germ . 

38. The method of claim 30 wherein 
concanavalin A. 

39. The method of claim 30 wherein 
p-estradiol . 

40. The method of claim 30 wherein 
selected from the group consisting 
and n-butanol. 

41. The method of claim 30 wherein 
dimethyl sulfoxide. 

42. The method of claim 30 wherein 
urea. 



tgglutinin . 

said genetic vaccine facilitator is 

said genetic vaccine facilitator is 

said genetic vaccine facilitator is 

of: ethanol, n-propanol, isopropanol 

said genetic vaccine facilitator is 

said genetic vaccine facilitator is 
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DETD - - . individual. Regulatory elements for DNA expression include a 

promoter and a polyadenylation signal. In addition, other elements, such 
as a KozaJc region, may also be included in the genetic construct. 

DETD . . . the DNA or RNA molecule that comprises a nucleotide sequence 
which encodes the desired protein and which includes initiation and 
termination signals operably linked to regulatory elements including a 
promoter and polyadenylation signal capable of directing expression in 
the cells of. 

DETD ... is necessary that these elements are functional in the 

individual to whom the gene construct is administered. The initiation 
and termination codons must be in frame with the coding sequence. 

DETD . . . Virus (MMTV) promoter, Human Immunodeficiency Virus (HIV) such 
as the HIV Long Terminal Repeat (LTR) promoter, Moloney virus, ALV, 
Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus ( EBV) , Rous Sarcoma Virus (RSV) as well as promoters 
from human genes such as. 

DETD . . . but not limited to: human Actin, human Myosin, human 

Hemoglobin, human muscle creatine and viral enhancers such as those from 
CMV, RSV and EBV. 

DETD . . . and a polyadenylation signal. The promoter may be selected from 
the group consisting of: HIV LTR, human Actin, human Myosin, CMV, RSV, 
Moloney, MMTV, human Hemoglobin, human muscle creatine and EBV. The 
enhancer may be selected from the group consisting of: human Actin, 
human Myosin, CMV, RSV, human Hemoglobin, human muscle creatine and 
EBV. The polyadenylation signal may be selected from the group 
consisting of: LTR. 

DETD A region from just upstream of the unique PflMI site to just after the 
vif termination codon was amplified via PCR using primers that 
introduced a non-conservative amino acid change (glu^val) at 
amino acid 22 of. 

DETD . . . HXB2 was amplified via PCR and cloned into the expression 

vector pCNDA/neo ( Invitrogen ) . This plasmid drives envelope production 
through the CMV promoter. 

DETD . . . expression is MMTV LTR. The promoter may be deleted and 

replaced with Actin promoter, myosin promoter, HIV LTR promoter and 





CMV promoter. 










DETD 


Actin 




no 




yes 


RA-3 


Actin 


no 




no 


yes 


RA-4 


Actin 


CME 




yes 


yes 


RA-5 


Actin 


CME 




yes 


no 


RA-6 


Actin 


CME 




no 


yes 


RA-7 


CMV 


no 




yes 


yes 


RA-8 


CMV 


no 




yes 


no 


RA-9 


CMV 


no 




no 


yes 


RA-10 


CMV 


CME 




yes 


yes 


RA-11 


CMV 


CME 




yes 


no 


RA-12 


CMV 


CME 




no 


yes 


RA-13 


MMTV 


no 




yes 


yes 


RA-14 


MMTV 


no 




yes 


no 


RA-15 


MMTV 


no 




no 


yes 


RA-16 


MMTV 


CME 




yes 


yes 


RA-17 


MMTV. 










DETD 


. The HIV 5' LTR promoter 


can 



virus promoter, MMTV LTR, Actin promoter, myosin promoter and CMV 
promoter . 



DETD 

Construct Promoter 



poly{A) 



Ampr 



LA-1 Moloney HIV 3' LTR yes 

LA-2 Moloney SV4 0 yes 



LA- 4 


Moloney 


SV40 


no 


LA- 5 


CMV 


HIV 3' LTR 


yes 


LA- 6 


CMV 


SV4 0 


yes 


LA- 7 


CMV 


HIV 3 1 LTR 


no 


LA- 8 


CMV 


SV4 0 


no 


LA- 9 


MMTV 


HIV 3 'LTR 


yes 


LA-10 


MMTV 


SV40 


yes 


LA-11 


MMTV 


HIV 3' LTR 


no 


LA- 12 


MMTV 


SV4 0 


no 


LA-13 


HIV 5* LTR 


HIV. 





DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



Flarivi 



the thymidine kinase promoter and polyadenylation site. The HIV 
env coding region is placed under the regulatory control of the CMV 
promoter and SV40 polyadenylation site. The HIV env coding region was 
obtained as a 2.3 kb PCR fragment form HIV/3B, . 

the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV40 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV4 0 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

Several safety features are included in pGAGPOL. rev . These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
deletion of the y sequence limits the ability to package viral RNA. 
In. 

Several safety features are included in pGAGPOL . rev . These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
tat has been deleted and a 50% deletion of nef yields an "inactive". 

Step 4a. Digest with BamHI and ligate with the CMV promoter obtained 

by PCR of pCEP4 (Invitrogen, San Diego Calif.) with primers SEQ ID NO:21 

and SEQ ID NQ:22. 

be any promoter functional in a human cell. It is preferred 
that the promoter is an SV40 promoter or a CMV promoter, preferably a 
CMV immediate early promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that. 

separated by non-coding regions. In order to be properly 
expressed, a coding region must have an initiation codon and a 
termination codon. 

be any promoter functional in a human cell. It is preferred 
that the promoter is an SV40 promoter or a CMV promoter, preferably a 
immediate early CMV promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that 
the polyadenylation. . . separated by non-coding regions. In order to 
be properly expressed, a coding region must have an initiation codon and 
a termination codon. 

identical to or substantially similar to epitopes of HIV 
proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation signal. 

encodes at least one HIV protein or a fragment thereof. The 
coding sequence is under the regulatory control of the CMV immediate 
early promoter and the SV40 minor polyadenylation signal. The HIV 
protein is selected from the group consisting of gag, . 

identical to or substantially similar to epitopes of HIV 
proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV4 0 minor polyadenylation 
signal. The two expression units are encoded in opposite directions of 
each. 

protein or a fragment thereof. Each expression unit comprises a 
coding sequence that is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadenylation signal. The 
HIV protein is selected from the group consisting of gag, . 
Step 9. Cut pCEP4 (Invitrogen) with Sail to release a DNA fragment 
containing the CMV promoter, polylinker, and SV40 poly A site. Purify 
this fragment and blunt-off with the Klenow fragment of DNA Polymerase 
I. 

fragment obtained in step 9. Isolate plasmid containing the 
bacterial origin of replication, the KanR gene, the RSV enhancer, 
the CMV promoter, polylinker, and the SV40 poly A site. 

coding region of rev containing both the Avail site and the 
nucleotide encoding amino acid 81. A stop codon causing termination of 
Nef at amino acid position 63 and the 3* coding cloning site, Mlul, will 
be introduced by the 3'. 

examples include Senilis viruses, 
RossRiver virus and Eastern & Western 
Equine encephalitis. 
Reovirus: (Medical) Rubeila virus, 
ridue Family 

Examples include: (Medical) dengue, yellow 



encephalitis and tick borne encephalitis 
viruses . 

Hepatitis C Virus: (Medical) these viruses are not placed in 
a family yet but are believed to be either a togavirus or a 
flavivirus. Most similarity is with togavirus family. 
Coronavirus Family: 

(Medical and Veterinary) 

Infectious bronchitis virus (poultry) 

Porcine transmissible gastroenteric virus 

(pig) 

Porcine. 

HBV; hepatitis C virus, HCV; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBV; rhinovirus; and, coronavirus. 
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CLM What is claimed is: 

1. An alphavirus vector construct, comprising a promoter 5' of viral 
cDNA which inititates the synthesis of RNA from the viral cDNA by a 
process of in vitro transcription, followed by a 5 ' sequence which 
initiates transcription of alphavirus RNA, followed by a nucleotide 
sequence encoding alphavirus non-structural proteins, a viral junction 
region which has been inactivated such that viral transcription of a 
subgenomic fragment is prevented, an internal ribosome entry site or a 
sequence which promotes ribosome readthrough between adjacent reading 
frames, and an alphavirus RNA polymerase recognition sequence. 

2. An alphavirus vector construct, comprising a promoter 5' of viral 
cDNA which initiates the synthesis of RNA from the viral cDNA by a 
process of in vitro transcription, followed by a 5 1 sequence which 
initiates transcription of alphavirus RNA, followed by a nucleotide 
sequence encoding alphavirus non-structural proteins, a viral junction 
region which has been modified such that viral transcription of a 
subgenomic fragment is reduced, an internal ribosome entry site or a 
sequence which promotes ribosome readthrough between adjacent reading 
frames, and an alphavirus RNA polymerase recognition sequence. 

3. An alphavirus vector construct, comprising a promoter 5' of viral 
cDNA which initiates the synthesis of RNA from the viral cDNA by a 
process of in vitro transcription, followed by a 5 1 sequence which 
initiates transcription of alphavirus RNA, followed by a nucleotide 
sequence encoding alphavirus non-structural proteins, a First viral 
junction region which has been inactivated such that viral transcription 
of a subgenomic fragment is prevented, a second viral junction region 
which has been modified such that viral transcription of the subgenomic 
fragment is reduced, an internal ribosome entry site or a sequence which 
promotes ribosome readthrough between adjacent reading frames, and an 
alphavirus RNA polymerase recognition sequence. 

4. An alphavirus cDNA vector construct comprising a promoter 5' of viral 
cDNA which initiates the synthesis of RNA from the viral EDNA within a 
cell, followed by a 5' sequence which initiates transcription of 
alphavirus RNA, followed by a nucleotide sequence encoding alphavirus 
non-structural proteins, a viral junction region consisting of (i) all 
active viral junction region, (ii) a viral junction region which has 
been modified such that viral transcription of a subgenomic fragment is 
reduced, and (iii) a viral junction region which has been inactivated 
such that viral transcription of a subgenomic fragment is prevented, and 
an alphavirus RNA polymerase recognition sequence. 

5. An alphavirus cDNA vector construct comprising a promoter 5' of viral 
cDNA which initiates the synthesis of RNA from the viral cDNA within a 
cell, followed by a 5' sequence which initiates transcription of 
alphavirus RNA, a nucleotide sequence encoding alphavirus non-structural 
proteins, a first viral junction region which has been inactivated such 
that viral transcription of the subgenomic fragment is prevented, 
followed by a second viral junction region which has been modified such 
that viral transcription of the subgenomic fragment is reduced, and an 



6. A vector construct according to any one of claims 1 to 5, further 
comprising a polyadenylation sequence. 

7. A vector construct according to any one of claims 1 to 5 wherein said 
alphavirus is selected from the group consisting of Venezuelan Equine 
Encephalitis, Ross River and Semliki Forest viruses. 

8. A vector construct according to any one of claims 1 to 5 wherein said 
alphavirus is Sindbis virus. 

9. A vector construct according to any one of claims 1 to 5, further 
comprising a selected heterologous nucleotide sequence. 

10. A vector construct according to claim 9 wherein said vector 
construct contains a selected heterologous nucleotide sequence ranging 
in size from about 100 bases to about 8 kb. 

11. A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is a sequence encoding a protein 
selected from the group consisting of IL-12, IL-15, and GM-CSF. 

12. A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is IL-2. 

13. A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is obtained from a virus selected from 
the group consisting of influenza virus, respiratory syncytial virus, 
HPV, HBV, HIV, HSV, FeLV, FIV, HTLV-I, HTLV-II, and CMV. 

14 . A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is obtained from a hepatitis C virus. 

15. A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is selected from the group consisting 
of an antisense sequence, a non-coding sense sequence, and a ribozyme 
sequence . 

16. A vector construct according to any one of claims 1 to 5 wherein 
said vector construct contains no alphavirus structural protein genes. 

17. A vector construct according to any one of claims 1 to 5 wherein a 
selected heterologous nucleotide sequence is located downstream from 
said viral junction region. 

18. A vector construct according to claim 2 or 5 wherein a selected 
heterologous nucleotide sequence is located downstream from said second 
viral junction region. 

19. A vector construct according to claim 9 wherein said selected 
heterologous nucleotide sequence is located within a nucleotide sequence 
encoding alphavirus non-structural proteins. 

20. A vector construct according to claim 1, 3, 4, or 5 wherein said 
inactivated viral junction region consists of the nucleotide sequence as 
shown in Sequence ID: No. 1, from nucleotide number 7579, to nucleotide 
7597. 

21. A vector construct according to claim 3 or 5 further comprising an 
adenovirus L3 gene or CMV H301 gene. 

22. A vector construct according to claim 3 or 5 further comprising a 
non-alphavirus packaging sequence. 

23. The vector construct according to claim 3 or 5 further comprising a 
3* transcription termination site. 

24 . The vector construct according to claim 23 wherein said 
transcription termination site is a termination/polyadenylation 
sequence . 

25. A recombinant alphavirus particle which, upon introduction into at 
BHK cell, produces an infected cell which is viable at least 72 hours 
after infection. 

26. A recombinant alphavirus particle which, upon introduction into a 
BHK cell, produces an infected cell which is viable at least 72 hours 
after infection, said particle also carrying a vector construct which 
directs the expression of at least one antigen or modified form thereof 
in target cells infected with the alphavirus particle, wherein said 
antigen or modified form thereof stimulates an immune response within an 
animal . 



27. A recombinant alphavirus particle according to claim 26 wherein the 
expressed antigen elicits an immune response selected from the group 
consisting of a cell -mediated immune response, a HLA Class I- restricted 
immune response, and a HLA Class II-restricted immune response. 

28. A cell infected with a recombinant alphavirus particle according to 
any one of claims 25 to 27. 

29. A cell according to claim 27 wherein said cell is a mammalian cell. 

30. A packaging cell line which inducibly expresses alphavirus 
structural proteins, and which, upon introduction of an alphavirus 
vector construct, produces recombinant alphavirus particles. 

31. A packaging cell line according to claim 30 derived from mammalian 
cells . 

32. A packaging cell line according to claim 30 derived from mammalian 
cells . 

33. A packaging cell line according to claim 32 derived from insect 
cells . 

34 . A packaging cell line according to claim 32 wherein said insect 
cells are mosquito cells. 

35. A packaging cell line according to claim 30 wherein the packaging 
cell line, upon introduction of a vector construct, produces alphavirus 
particles which infect human cells. 

36. A packaging cell line according to claim 30 wherein an alphavirus 
inhibitory protein is not produced. 

37. A packaging cell line suitable for packaging and production of an 
alphavirus vector, wherein the packaging cell line comprises an 
expression cassette which directs the expression of VSV-G. 

38. A packaging cell line according to claim 37, further comprising an 
expression cassette which directs the expression of one or more 
alphavirus structural proteins. 

39. A packaging cell line according to claims 30 or 37 wherein said cell 
line expresses a gene product which suppresses apoptosis. 

40. The packaging cell according to claim 39 wherein said gene product 
is encoded by a gene selected from the group consisting of bcl-2 
oncogene, adenovirus EIB gene encoding a 19-kD protein, herpes simplex 
virus type 1 y34 . 5 gene, and AcMNPV baculovirus p35 gene. 

41. An alphavirus producer cell line, comprising a packaging cell line 
according to claim 30, and an alphavirus vector construct or alphavirus 
cDNA vector construct, wherein said producer cell line produces 
recombinant alphavirus particles. 

42. An alphavirus producer cell line according to claim 41 wherein said 
recombinant alphavirus particles infect human cells. 

43. An alphavirus producer cell line according to claim 41 wherein said 
producer cell line inducibly produces recombinant alphavirus particles. 

44. An alphavirus producer cell line according to claim 41 wherein said 
producer cell line produces recombinant alphavirus particles in response 
to a differentiation state of said producer cell line. 

4 5. A producer cell line suitable for packaging and production of a 
recombinant alphavirus particle, wherein the producer cell line 
comprises an expression cassette which directs the expression of 
gag/pol, an expression cassette which directs the expression of env, and 
an alphavirus vector construct containing a retroviral packaging 
sequence . 

46. A producer cell line suitable for packaging and production of a 
recombinant alphavirus particle, wherein the producer cell line 
comprises one or more expression cassettes which direct the expression 
of non-alphaviral structural proteins, and an alphavirus vector 
construct comprising a packaging sequence corresponding to a virus from 
which the non-alphaviral structural proteins are derived. 

47. A method for producing recombinant alphavirus particles from a 
packaging cell line, the method comprising introducing an alphavirus 
vector construct into a packaging cell line according to any one of 
claims 30 to 41 by a process selected from the group consisting of (i) 



initiation system, (ii) transfection of the packaging cell line with RNA 
transcribed in vitro from an alphavirus vector construct, and (iii) 
infection of the packaging cell line with recombinant alphavirus 
particles. 
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SUMM . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . cell, the vector construct being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. 

SUMM . . . the vector construct being capable of expressing a heterologous 
ribonucleic acid sequence, and a 3' DNA sequence which controls 
transcription termination. 

SUMM . . . from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 
polyadenylation sequence. 

SUMM . . . group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
preferred embodiment, the heterologous sequence obtained from HPV 
encodes a protein selected from the group consisting of E5, . 

SUMM . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

SUMM . 5C distal, SV40, heat shock protein 65, heat shock protein 70, 

Py, RSV, BK, JC, MuLV, MMTV, alphavirus junction region, CMV and VA1RNA. 

DETD . . . reduce viral transcription of the subgenomic fragment, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. The vector may also include 
nucleic acid molecule {s} which are of a size sufficient to allow 
production of viable virus, . 

DETD . . . sequence encoding one or more proteins, said proteins 

preferably comprising alphavirus structural protein(s). Optionally, the 
expression cassette may include tanscription termination, splice 
recognition, and polyadenylation addition sites. Preferred promoters 
include the CMV, MMTV, MoMLV, and adenovirus VA1RNA promoters. In 
addition, the expression cassette may contain selectable markers such as 
Neo, SV2 Neo, . 

DETD . . . promoters, such as, for example, the p-galactosidase 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 
promoter, SV40 promoter, CMV promoter, and MoMLV LTR. 

DETD 4. THE CMV H301 GENE 

DETD . . . the human immunoglobulin heavy-chain binding protein, and a 
synthetic sequence of at least 15 bps corresponding in part to the 
Kozalc consensus sequence for efficient translational initiation. 
Although not described in detail here, these signals which affect 
translation initiation can also. 

DETD As noted above, the alphavirus cDNA vector construct also includes a 3 1 
sequence which controls transcription termination. A representative 
example of such a sequence is set forth in more detail in Examples 2 and 
3. 

DETD . . . vector may be selected to hybridize to any pathogen-specific 
RNA, for instance target cells infected by pathogens such as HIV, CMV, 
HBV, HPV and HSV. 

DETD . . . that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . "HCV", respectively), Human Papiloma Virus ("HPV"), 

Epstein-Barr Virus ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, 
TTLV I, HTLV II and Cytomegalovirus ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a 
portion of the respective antigen which. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Briefly, such eukaryotic layered vector 
initiation systems provide a two-stage or "layered" mechanism which 
controls expression of heterologous nucleotide sequences. . 
promoter which is capable of initiating the 5' synthesis of RNA from 
cDNA (e.g., a 5* promoter), a 3' transcription termination site, as 
well as one or more splice sites and/or a polyadenylation site, if 
desired. Representative promoters suitable for use. . . Mouse polyoma 



promoters, MMTV promoter, alphavirus junction region, CMV promoter, 
Adenovirus VA1RNA, rRNA promoter, tRNA methionine promoter, CaMV 35S 
promoter, nopaline synthetase promoter, and the lac promoter. The 
second. 

DETD . . . example, vector systems derived from viruses of the following 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenaviridae, Retroviridae (e.g., 
RSV, MoMLV, HIV, HTLV) , hepatitis delta. 

DETD . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3 1 sequence which 
controls transcription termination. Within various embodiments, the 
viral junction region may be modified, such that viral transcription of 
the subgenomic fragment is merely. 

DETD . . . auto-immune or immune diseases. Representative examples of such 
diseases include viral infections such as HIV, HBV HTLV I, HTLV II, 
CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, 
Alzheimer's disease and heart disease. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5' eukaryotic 
promoter capable of initiating. . . alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 
alphavirus RNA polymerase recognition sequence, and a 3 1 transcription 
termination/polyadenylation signal sequence. Such alphavirus cDNA 
expression vectors may also include intervening sequences (introns), 
which are spliced from the pre-RNA in. 

DETD . . . occurs from the pKSSINBVdlJR construct. Junction region changes 
at Sindbis nts 7600 and 7602 are downstream of the NSP 4 termination 
codon and upstream of the structural proteins initiation codon. 

DETD . . . are observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong Nyong virus, 
Eastern Equine Encephalitis virus, Western Equine Encephalitis 
virus, and Venezuelan Equine Encephalitis virus) are given below: 

DETD In order to insert the luciferase gene into the pVGELVIS-SINBV vector, 
the SV4 0 intron and transcription termination sequences at the 3 '-end 
of luciferase must be removed so that when the pre-RNA, transcribed from 
the plasmid DNA luciferase. 

DETD . . . expression, is enhanced by several modifications to the 

pVGELVIS-SINBV-luc vector. These modifications include alternate RNA 
polymerase II promoters and transcription termination signals, the 
addition of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid. 

DETD The transcription termination signals from the SV40 early region or 

Bovine growth hormone are inserted between the Sac I and Eco RI sites of 
pBGS131. The SV40 nts between viral nts 2643 to 2563 containing the 
early region transcription termination sequences are isolated by PCR 
amplification using the primer pair shown below and the pBR322/SV40 
plasmid (ATCC #45019) as template. 

DETD The Bovine growth hormone transcription termination sequences are 

isolated by PCR amplification using the primer pair shown below and the 
pCDNA3 plasmid (Invitrogen) as template. 

DETD In additional modifications to the ELVIS vector, the transcription 
termination sequences are fused directly to the 3 '-end Sindbis 
sequences, resulting in deletion of the polyadenylate tract; or 
alternatively the antigenomic. . . ribozyme sequence of hepatitis 
delta virus (HDV) is inserted between the 3 1 -polyadenylate tract of the 
ELVIS vector and the transcription termination signals. 

DETD In the second vector 3 * -end configuration, the SV40 or BGH transcription 
termination signals are fused directly to the 3' -end of the ELVIS 
vector corresponding to Sindbis nt 11,700 and the polyadenylate tract. 

DETD ... a polyadenylate tract are combined with the plasmid 

constructions containing the HDV ribozyme sequence and the SV4 0 or BGH 
transcription termination signals. This construction corresponds to 
the insertion of pKSSINBV and pKSSINBV-luc vector sequences into the 
pBGS131/HDV/3'SV4 0TT and pBGS131/HDV/3 ' BGHTT plasmids. Alternatively,. 

terminating precisely at the viral 3 ? end corresponding to viral nt 
11,700 are linked directly to the SV40 or BGH transcription 
termination signals. This construction corresponds to the insertion of 
pKSSINBVdlA and pKSSINBVdlA-luc vector sequences into the 
pBGS131/HDV/3'SV40TT and pBGS131/HDV/3 ' BGHTT plasmids. 

DETD Using the same overlapping PCR approach, the CMV promoter is 

positioned at the 5' viral end such that transcription initiation 
results in the addition of a single non-viral nucleotide at the Sindbis 
5* end. Amplification of the CMV promoter in the first primary PCR 
reaction is accomplished in a reaction containing the pCDNA3 plasmid and 
the following primer. 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22): 



DETD Forward primer: CMVSIN1F (CMV pro nts 1124 -1142/SIN nts 1-20): 
DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 

sequence/CMV promoter nts 1-22): 
DETD . . . plasmid DNA (FIG. 22A) . The data also demonstrate that direct 

linkage between the Sindbis virus 3 ' -end and two different transcription 
termination/polyadenylation signals, resulting in deletion of the 
synthetic A 2 5 tract, decreased the activity of the DNA vector by 
more than three. 

DETD . . of in vitro synthesized transcripts, the cDNA is exchanged into 

a vector containing an RNA polymerase II promoter and transcription 
termination/polyadenylation sequence, as described in Example 2. For 
plant applications, such promoter and termination sequences are chosen 
from the appropriate plant systems (e.g., CaMV 35S promoter (Guilley et 
al., Cell 30:763-773, 1982), and nopaline synthase promoter and 
transcription termination sequence (Sanders et al., Nucleic Acids Res. 
15:1543-1558). Vector constructs derived from these infectious genomic 
cDNA clones is subsequently accomplished. 

DETD . . . downstream of the disabled junction region in the pKSSINBVdlJR 
vector, which allows ribosomal scanning in genomic mRNA from 
non-structural gene termination to the heterologous genes. The 
heterologous proteins are expressed from genomic length mRNA by 
ribosomal scanning. This extends the life. 

DETD . . . et al., Gene 108:167-174, 1991). The sequences surrounding the 
ATG start codon from bases -9 to +1 conform to the KozaJc consensus 
sequence for efficient translational initiation (Kozak, Cell 
44:283-292, 1986). Where possible, the 3' terminal nucleotide 
corresponding to the carboxy terminal amino acid is changed to T, . 

DETD . . . gpt, for the current neomycin resistance, or other promoter 
elements, for example Drosophilia metallothionein or hsp 70, for the 
current CMV, MuLV, and SV4 0 promoters, may be readily accomplished 
given the disclosure provided herein. 

DETD . . . map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides 
corresponding to the KozaJc consensus sequence for efficient 
translational initiation at Sindbis nt 7638. The forward primer is 
complementary to Sindbis nts 7638-7661, and. 

DETD . . . structural protein gene mRNA, the alphavirus structural protein 
gene sequences, the 3* -end alphavirus sequences required for 
replication, and a transcription termination/polyadenylation sequence. 
Because of an upstream open-reading frame which ends in translation 
termination codons prior to the AUG start site of the structural 
protein genes, expression of the alphavirus structural proteins can 
occur. 

DETD In addition to their respective complementarities, primer SIN276-SPE 
contains a flanking UAA translation termination codon and Spel 
recognition sequence at its 5 T end. PCR amplification of the fragment 
containing Sindbis 5' -end sequences fused to. 

DETD Modifications of the CMV promoter/antisense-Sindbis structural protein 
vector also can be constructed using other viral, cellular, or 
insect -based promoters. Using common molecular biology techniques know 
in the art, the CMV promoter can be switched out of the Invitrogen 
pcDNA3 vector and replaced by promoters such as those listed previously. 
Other. . . use of longer or shorter HDV or other catalytic ribozyme 
sequences for transcript processing, the substitution of a precise 
transcription termination signal for the catalytic ribozyme sequence, 
or the antisense expression of structural protein gene cassettes using 
any downstream sequence recognized. 

DETD . . . vector and the Astrovirus expression cassette, between the 
Astrovirus junction region and structural gene ATG, and between the 
structural gene termination codon and the Astrovirus 3' end. In order 
to generate wild type virus, this dual recombination event would have 
to. 

DETD . . . glycoproteins El and/or E2 from other alphaviruses or their 

variants is performed to alter tissue tropism. For example, Venezuelan 
equine encephalitis virus (VEE) is an alphavirus which exhibits 
tropism for cells of lymphoid origin, unlike its Sindbis virus 
counterpart. Therefore, Sindbis-derived vector. 

DETD ... is amplified with a primer pair whose 5' -ends map, 

respectively, to the authentic AUG translational start site, including 
the surrounding KozaJc consensus sequence, and UGA translational stop 
site. The forward primer is complementary to VEE nucleotides 7553-757 9, 
and the reverse primer. 

DETD . . . Madison, Wis.) by digestion of pcDNA3 with Apa I and EcoRV 
followed by GENECLEAN . TM . purification. The resulting construct, 
containing a CMV promoter which transcribes an antisense reporter 
cassette RNA of the configuration Sindbis 3' -end sequence/LacZ 
gene/junction region/Sindbis 5' -end sequence/HDV ribozyme, is. 

DETD . . . vector. The re-ligated construct contains an antisense LacZ 

gene and a 3* Sindbis replicase protein recognition sequence downstream 
from a CMV promoter. The resulting construct is known as 
pcDNAaLacZ-3'Sin. The construct is transfected into BHK cells and 
utilized as described previously. 



measure CTL responses to other non-HIV antigens such as mouse CMV(MCMV) . 

DETD Subgenomic mRNA is synthesized in these vectors, which serves as a 
translational template for the Ad E3 and CMV H301 genes. Thus, in 
these constructions, functional HPV 16 antisense and hairpin ribozyme 
palliatives will be present on the levels. 

DETD . . . the E6/E7 or LI proteins. In these vectors, it would not be 
desired to include the immunoregulatory Ad E3 or CMV H301 genes. 

DETD . . . among the group described in Example 5, and the therapeutic 
palliative. Ordered insertion of the hairpin ribozyme, Ad E3 or CMV 
H301, IRES, and heterologous gene of interest components along the 
multiple cloning sequence located in the vector between the vector. 

DETD The coding region and transcriptional termination signals of HSV-1 

thymidine kinase gene (HSV-TK) are isolated as a 1.8 kb Bgl II/Pvu II 
fragment from plasmid 322TK. 

selected from the group consisting of influenza virus, respiratory 
syncytial virus, HPV, HBV, HIV, HSV, FeLV, FIV, HTLV-I, HTLV-II, and 
CMV. 

21. A vector construct according to claim 3 or 5 further comprising an 
adenovirus L3 gene or CMV H301 gene. 

23. The vector construct according to claim 3 or 5 further comprising a 
3' transcription termination site. 

24 . The vector construct according to claim 23 wherein said 
transcription termination site is a termination/polyadenylation 
sequence . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. An pharmaceutical immunizing kit comprising: a) a first inoculant 
comprising: i) a pharmaceutically acceptable carrier or diluent; and, 
ii) a first nucleic acid molecule comprising a nucleotide sequence that 
encodes at least one HIV protein operatively linked to regulatory 
sequences; wherein said nucleotide sequence is capable of being 
expressed in human cells; b) a second inoculant comprising: i} a 
pharmaceutically acceptable carrier or diluent; and, ii] a second 
nucleic acid molecule comprising a nucleotide sequence that encodes at 
least one HIV protein operatively linked to regulatory sequences; 
wherein said nucleotide sequence is capable of being expressed in human 
cells; wherein said first nucleic acid molecule is not identical to said 
second nucleic acid molecule and, taken together, said first nucleic 
acid molecule and said second nucleic acid molecule encode HIV proteins 
gag, pol and env; and c) a third inoculant comprising bupivacaine. 

2. A pharmaceutical composition comprising: a) a compound selected from 
the group consisting of: bupivacaine, mepivacaine, lidocaine, procaine, 
carbocaine and methyl bupivacaine; and b) a DNA molecule that comprises 
a DNA sequence that encodes an antigen; wherein said DNA sequence 
operatively linked to regulatory sequences which control the expression 
of said DNA sequence. 

3. The pharmaceutical composition of claim 2 wherein said composition 
comprises bupivacaine. 

4. The pharmaceutical composition of claim 2 wherein said DNA molecule 
is a plasmid. 

5. The pharmaceutical composition of claim 2 wherein said DNA sequence 
encodes a variable region of a T cell receptor. 

6. The pharmaceutical composition of claim 2 wherein said DNA sequence 
encodes a pathogen antigen. 

7. The pharmaceutical composition of claim 6 wherein said DNA sequence 
encodes an antigen from an intracellular pathogen. 

8. The pharmaceutical composition of claim 7 wherein said antigen is a 
viral antigen. 



9. The pharmaceutical composition of claim 8 wherein said pathogen is a 
virus selected from the group consisting of: human immunodeficiency 
virus, HIV; human T cell leukemia virus, HTLV; influenza virus; 
hepatitis A virus; hepatitis B virus; hepatitis C virus; human papilloma 
virus, HPV; Herpes simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; 
Cytomegalovirus, CMV; Epstein-Barr virus, EBR; rhinovirus; and, 
coronavirus . 



10. The pharmaceutical composition of claim 9 wherein said pathogen is 
Herpes simplex 2 virus, HSV2 . 

11. The pharmaceutical composition of claim 9 wherein said pathogen is 
Hepatitis B virus, HBV. 

12. The pharmaceutical composition of claim 9 wherein said pathogen is 
human T cell leukemia virus, HTLV. 

13. The pharmaceutical composition of claim 9 wherein said pathogen is a 
human immunodeficiency virus. 

14. The pharmaceutical composition of claim 2 wherein said DNA sequence 
encodes a hyperproliferative disease associated protein. 

15. The pharmaceutical composition of claim 13 wherein said 
hyperproliferative disease is cancer. 

16. The pharmaceutical composition of claim 14 wherein said 
hyperproliferative disease is a lymphoma. 

17. The pharmaceutical composition of claim 14 wherein said 
hyperproliferative disease is a melanoma. 

18. a method of immunizing an individual against an antigen comprising 
administering to tissue of said individual's body, a) a compound 
selected from the group consisting of bupivacaine, mepivacaine, 
lidocaine, procaine, carbocaine and methyl bupivacaine, and b) a DNA 
molecule that comprises a DNA sequence that encodes said antigen, said 
DNA sequence operatively linked to regulatory sequences which control 
the expression of said DNA sequence; wherein said DNA molecule is taken 
up by cells, said DNA sequence is expressed in said cells and an immune 
response is generated against said antigen. 

19. The method of claim 18 wherein said compound is bupivacaine. 

20. The method of claim 18 wherein said DNA molecule is a plasmid. 

21. The method of claim 18 wherein said immune response generated 
against said antigen is an immune response against a pathogen antigen. 

22. The method of claim 21 wherein said pathogen is an intracellular 
pathogen. 

23. The method of claim 22 wherein said pathogen is a virus selected 
from the group consisting of: human immunodeficiency virus, HIV; human T 
cell leukemia virus, HTLV; influenza virus; hepatitis a virus; hepatitis 
B virus; hepatitis C virus; human papilloma virus, HPV; Herpes simplex 1 
virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, CMV; 
Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

24. The method of claim 23 wherein said pathogen is HIV and said DNA 
molecule comprises a DNA sequence that encodes an HIV antigen. 

25. The method of claim 18 wherein said immune response generated 
against said antigen is an immune response against a hyperproliferative 
disease-associated protein. 

26. The method of claim 25 wherein said hyperproliferative 
disease-associated protein is selected from the group consisting of: 
protein products of oncogenes myb, myc, fyn, ras, src, neu and trk; 
protein products of translocation gene bcr/abl; P53; variable regions of 
antibodies made by B cell lymphomas; and variable regions of T cell 
receptors of T cell lymphomas. 

27. The method of claim 18 wherein said immune response generated 
against said antigen is an immune response against an autoimmune 
disease-associated protein. 

28. The method of claim 27 wherein said autoimmune disease-associated 
protein is selected from the group consisting of: variable regions of 
antibodies involved in B cell mediated autoimmune disease; and variable 
regions of T cell receptors involved in T cell mediated autoimmune 
disease . 



29. The method of claim 18 wherein said bupivacaine and a DNA molecule 
are administered subcutaneously . 

30. The method of claim 18 wherein said bupivacaine and a DNA molecule 
are administered intramuscularly, intraperitoneally, intravenously, 
intraarterially, intraoccularly, orally transdermally and/or by 
inhalation. 

31. The method of claim 18 wherein said bupivacaine and a DNA molecule 
are administered intradermally . 

32. The method of claim 31 wherein said immune response generated 
against said antigen is an immune response against a pathogen antigen. 

33. The method of claim 31 wherein said immune response generated 
against said antigen is an immune response against a hyperproliferative 
disease-associated protein. 

34 . The method of claim 31 wherein said immune response generated 
against said antigen is an immune response against an autoimmune 
disease-associated protein. 
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the individual. Regulatory elements for DNA include a promoter 
and a polyadenylation signal. In addition, other elements, such as a 
KozaJc region, may also be included in the genetic construct. 

the DNA or RNA molecule that comprises a nucleotide sequence 
which encodes the target protein and which includes, initiation and 
termination signals operably linked to regulatory elements including a 
promoter and polyadenylation signal capable of directing expression in 
the cells of. 

Virus (MMTV) promoter, Human Immunodeficiency Virus (HIV) such 
as the HIV Long Terminal Repeat (LTR) promoter, Moloney virus, ALV, 
Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus (EBV), Rous Sarcoma Virus (RSV) as well as promoters 
from human genes such as. 

but not limited to: human Actin, human Myosin, human 
Hemoglobin, human muscle creatine and viral enhancers such as those from 
CMV, RSV and EBV. 

be operably linked to the nucleotide sequence that encodes the 
target protein. Accordingly, it is necessary for the initiation and 
termination codons to be in frame with the coding sequence. 

and a polyadenylation signal. The promoter may be selected from 
the group consisting of: HIV LTR, human Actin, human Myosin, CMV, RSV, 
Moloney, MMTV, human Hemoglobin, human muscle creatine and EBV. The 
enhancer may be selected from the group consisting of: human Actin, 
human Myosin, CMV, RSV, human Hemoglobin, human muscle creatine and 
EBV. The polyadenylation signal may be selected from the group 
consisting of: LTR. 

A region from just upstream of the unique PflMI site to just after the 
vif termination codon was amplified via PCR using primers that 
introduced a non-conservative amino acid change (glu — >val ) at 
amino acid 22 of. 

HXB2 was amplified via PCR and cloned into the expression 
vector pCNDA/neo ( Invitrogen ) . This plasmid drives envelope production 
through the CMV promoter. 

expression is MMTV LTR. The promoter may be deleted and 
replaced with Actin promoter, myosin promoter, HIV LTR promoter and 
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to be introduced by vaccination. A region from just upstream of 
the unique PflMI site to just after the vif termination codon was 
amplified via PCR using primers that introduced a non-conservative amino 
acid change (glu— >val) at amino acid 22 of. 

HIV 5' LTR promoter can be deleted and replaced with Moloney 
virus promoter, MMTV LTR, Actin promoter, myosin promoter and CMV 
promoter . 
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DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
env coding region is placed under the regulatory control of the CMV 
promoter and SV4 0 polyadenylation site. The HIV env coding region was 
obtained as a 2.3 kb PCR fragment form HIV/3B, . 

DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV4 0 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

DETD . . . the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV4 0 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI744 9, and includes. 

DETD Several safety features are included in pGAGPOL . rev . These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
deletion of the \\f sequence limits the ability to package viral RNA. 
In. . . 

DETD Several safety features are included in PGAGPOL. rev. These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
tat has been deleted and a 50% deletion of nef yields an "inactive". 

DETD Step 4a. Digest with BamHI and ligate with the CMV promoter obtained 
by PCR of pCEP4 [Invitrogen, San Diego, Calif.} with primers SEQ ID 
NO.: 27 and SEQ ID NO.: 28. 

DETD ... be any promoter functional in a human cell. It is preferred 
that the promoter is an SV4 0 promoter or a CMV promoter, preferably a 
CMV immediate early promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that. 

separated by non-coding regions. In order to be properly 
expressed, a coding region must have an initiation codon and a 
termination codon. 

DETD ... be any promoter functional in a human cell. It is preferred 
that the promoter is an SV40 promoter or a CMV promoter, preferably a 
immediate early CMV promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that 
the polyadenylation. . . separated by non-coding regions. In order to 
be properly expressed, a coding region must have an initiation codon and 
a termination codon . 

DETD . . . identical to or substantially similar to epitopes of HIV 

proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation signal. 

DETD . . . encodes at least one HIV protein or a fragment thereof. The 
coding sequence is under the regulatory control of the CMV immediate 
early promoter and the SV40 minor polyadenylation signal. The HIV 
protein is selected from the group consisting of gag, . 

DETD . . . identical to or substantially similar to epitopes of HIV 

proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation 
signal. The two expression units are encoded in opposite directions of 
each. 

DETD . . . protein or a fragment thereof. Each expression unit comprises a 
coding sequence that is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadenylation signal. The 
HIV protein is selected from the group consisting of gag, . 
DETD . . . examples include Senilis viruses, 

RossRiver virus and Eastern & Western 
Equine*** encephalitis. 
Reovirus: (Medical) Rubella virus. 
Flariviridue Family 

Examples include: (Medical) dengue, 
yellow fever, Japanese encephalitis, St. 
Louis encephalitis and tick borne 
encephalitis viruses. 
Hepatitis C Virus: (Medical) these viruses are not placed in 
a family yet but are believed to be either a togavirus or a 
flavivirus. Most similarity is with togavirus family. 



(Medical and Veterinary) 

Infectious bronchitis virus (poultry) 

Porcine transmissible gastroenteric virus 

(pig) 

Porcine. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 

simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 

CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2 ; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 



L8 ANSWER 9 OF 11 US PAT FULL on STN 

1998:119004 Eukaryotic layered vector initiation systems. 

Dubensky, Jr., Thomas W. , P.O. Box 675205, Rancho Sante Fe, CA, United 
States 92067 

Polo, John M., 1222 Reed Ave., Number 4, San Diego, CA, United States 
92109 

Jolly, Douglas J., 277 Hillcrest Dr., Leucadia, CA, United States 92024 
Driver, David A., 5142 Biltmore St., San Diego, CA, United States 92117 
US 5814482 19980929 

APPLICATION: US 1996-739158 19961030 (8) 

DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A method of stimulating in an animal an immune response to an antigen 
comprising introducing into susceptible target cells a eukaryotic 
layered vector initiation system comprising a eukaryotic promoter 5* of 
viral cDNA which initiates within said cell the 5' to 3* synthesis of 
RNA from said cDNA, wherein said RNA comprises a vector construct which 
autonomously amplifies in said cell and expresses a heterologous nucleic 
acid sequence, wherein said heterologous nucleic acid sequence encodes 
an antigen or modified form thereof which stimulates an immune response 
within an animal. 

2. A method according to claim 1 wherein the target cells are infected 
in vivo. 

3. A method according to claim 1 wherein the expressed antigen elicits 
an immune response selected from the group consisting of cell-mediated 
immune response, an HLA class I-restricted immune responses, and an HLA 
class II-restricted immune response. 

4. The method according to claim 1, wherein said promoter is a DNA 
promoter of RNA synthesis. 

5. The method according to claim 1, wherein said vector construct which 
autonomously amplifies in a cell comprises a sequence which initiates 
transcription of alphavirus RNA following the 5* promoter, a nucleic 
acid sequence which encodes alphavirus nonstructural proteins, an 
alphavirus RNA polymerase recognition sequence, and a 3' polyadenylate 
tract . 

6. The method according to claim 1, further comprising a transcription 
termination sequence. 

7. The method according to claim 1, wherein said vector construct which 
autonomously amplifies in a cell is derived from a virus selected from 
the group consisting of poliovirus, rhinovirus, coxsackievirus, rubella, 
yellow fever, RSV, MoMI.V, and Astrovirus. 

8. The method according to claim 1, wherein said vector construct which 
autonomously amplifies in a cell is derived from a virus selected from 
the group consisting of tobamovi ruses, potyviruses, and bromoviruses . 

9. The method according to claim 1, wherein said promoter is selected 
from the group consisting of the MoMLV promoter, metallothionein 
promoter, glucocorticoid promoter, SV40 promoter, CaKV 35S promoter, 
nopaline synthatase promoter, and the CMV promoter. 

10. The method according to claim 1, wherein said heterologous nucleic 
acid sequence is obtained from a virus selected from the group 
consisting of influenza virus, respiratory syncytial virus, IIPV, EBV, 
HIV, FeLV, FIV, Hantavirus, HTLVI, HTLV, II, and CMV. 

11. The method according to claim 1, wherein said heterologous nucleic 
acid sequence is obtained from HBV. 

12. The method according to cl aim 1, wherein said heterologous nucleic 
acid sequence is obtained from HCV. 



13. The method according to claim 1, wherein said heterologous nucleic 
acid sequence is obtained from HSV. 



14. A eukaryotic layered vector initiation system, comprising a 
eukaryotic promoter 5 1 of viral cDNA which initiates within a 
susceptible target cell the 5 1 to 3 * synthesis of RNA from said cDNA, 
wherein said RNA comprises a vector construct which autonomously 
amplifies ill a cell and expresses a heterologous nucleic acid sequence 
which encodes an antigen or modified form thereof that stimulates an 
immune response within an animal. 

15. A eukaryotic layered vector initiation system according to claim 14 
wherein the expressed antigen elicits an immune response selected from 
the group consisting of a cell-mediated immune response, an HLA class 
I-restricted immune response, and an HLA class II -restricted immune 
response . 

16. The eukaryotic layered vector initiation system according to claim 
14 wherein said promoter is a DNA promoter of RNA synthesis. 

17. The eukaryotic layered vector initiation system according to claim 
14 wherein said vector construct which autonomously amplifies in a cell 
comprises a sequence which initiates transcription of alphavirus RNA 
following the 5' promoter, a nucleic acid sequence which encodes 
alphavirus nonstructural proteins, an alphavirus RNA polymerase 
recognition sequence, and a 3' polyadenylate tract. 

18. The eukaryotic layered vector initiation system according to claim 
14 further comprising a transcription termination sequence. 

19. The eukaryotic layered vector initiation system according to claim 
14 wherein said vector construct which autonomously amplifies in a cell 
is derived from a virus selected from the group consisting of 
poliovirus, rhinovirus, coxsackievirus, rubella, yellow fever, RSV, 
MoMLV, and Astrovirus. 



20. The eukaryotic layered vector initiation system according to claim 
14 wherein said vector constrict which autonomously amplifies in a cell 
is derived from a virus selected from the group consisting of 
tobamoviruses, potyviruses, and bromoviruses . 

21. The eukaryotic layered vector initiation system according to claim 
14 wherein said promoter is selected from the group consisting of the 
MoMLV promoter, metallothionein promoter, glucocorticoid promoter, SV4 0 
promoter, CaMV 35S promoter, nopaline synthatase promoter, and the CMV 
promoter. 

22. The eukaryotic layered vector initiation system according to claim 
14 wherein said heterologous nucleic acid sequence is obtained from a 
virus selected from the group consisting of influenza virus, respiratory 
syncytial virus, HPV, EBV, HIV, FeLV, ETV, Hantavirus, HTLV I, HITLV II, 
and CMV. 



23. The eukaryotic layered vector initiation system according to claim 
14 wherein said heterologous nucleic acid sequence is obtained from HBV. 

24. The eukaryotic layered vector initiation system according to claim 
14 wherein said heterologous nucleic acid sequence is obtained from HCV. 

25. The eukaryotic layered vector initiation system according to claim 
14 wherein said heterologous nucleic acid sequence is obtained from HSV. 
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transcription of the subgenomic fragment is prevented, an 
alphavirus RNA polymerase recognition sequence, and a 3 ? sequence which 
controls transcription termination. 

transcription of the subgenomic fragment is reduced, an 
alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

transcription of the subgenomic fragment is reduced, an 
alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. 

cell, the vector construct being capable of expressing a 
heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. 

the vector construct being capable of expressing a heterologous 
ribonucleic acid sequence, and a 3' DNA sequence which controls 
transcription termination. 

from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 



SUMM . . - group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
preferred embodiment, the heterologous sequence obtained from HPV 
encodes a protein selected from the group consisting of E5, . 

SUMM . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

SUMM 5C distal, SV40, heat shock protein 65, heat shock protein 70, 

Py, RSV, BK, JC, MuLV, MMTV, alphavirus junction region, CMV and VA1RNA. 

DETD . . . reduce viral transcription of the subgenomic fragment, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. The vector may also include 
nucleic acid molecule(s) which are of a size sufficient to allow 
production of viable virus, . 

DETD . . . sequence encoding one or more proteins, said proteins 

preferably comprising alphavirus structural protein(s). Optionally, the 
expression cassette may include transcription termination, splice 
recognition, and polyadenylation addition sites. Preferred promoters 
include the CMV, MMTV, MoMLV, and adenovirus VA1RNA promoters. In 
addition, the expression cassette may contain selectable markers such as 
Neo, SV2 Neo, . 

DETD . . . promoters, such as, for example, the p-galactosidase 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 
promoter, SV4 0 promoter, CMV promoter, and MoMLV LTR. 

DETD 4 . THE CMV H301 GENE 

DETD . . . the human immunoglobulin heavy-chain binding protein, and a 
synthetic sequence of at least 15 bps corresponding in part to the 
Kozak consensus sequence for efficient translational initiation. 
Although not described in detail here, these signals which affect 
translation initiation can also. 

DETD As noted above, the alphavirus cDNA vector construct also includes a 3' 
sequence which controls transcription termination. A representative 
example of such a sequence is set forth in more detail below in Examples 
2 and 3. 

DETD . . . vector may be selected to hybridize to any pathogen-specific 
RNA, for instance target cells infected by pathogens such as HIV, CMV, 
HBV, HPV and HSV. 

DETD . . . that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . "HCV", respectively), Human Papiloma Virus ("HPV"), 

Epstein-Barr Virus ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, 
TTLV I, HTLV II and Cytomegalovirus ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a 
portion of the respective antigen which. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Briefly, such eukaryotic layered vector 
initiation systems provide a two-stage or "layered" mechanism which 
controls expression of heterologous nucleotide sequences., 
promoter which is capable of initiating the 5* synthesis of RNA from 
cDNA (e.g., a 5' promoter), a 3' transcription termination site, as 
well as one or more splice sites and/or a polyadenylation site, if 
desired. Representative promoters suitable for use. . . Mouse polyoma 
virus promoter ("Py"), rous sarcoma virus ("RSV"), BK virus and JC virus 
promoters, MMTV promoter, alphavirus junction region, CMV promoter, 
Adenovirus VA1RNA, rRNA promoter, tRNA methionine promoter, CaMV 35S 
promoter, nopaline synthetase promoter, and the lac promoter. The 
second. 

DETD . . . example, vector systems derived from viruses of the following 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenaviridae, Retroviridae (e.g., 
RSV, MoMLV, HIV, HTLV), hepatitis delta. 

DETD . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. Within various embodiments, the 
viral junction region may be modified, such that viral transcription of 
the subgenomic fragment is merely. 

DETD . . . auto-immune or immune diseases. Representative examples of such 
diseases include viral infections such as HIV, HBV HTLV I, HTLV II, 
CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, 
Alzheimer's disease and heart disease. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3* sequence which controls 
transcription termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5 1 eukaryotic 
promoter capable of initiating. . . alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 



termination/polyadenylation signal sequence. Such alphavirus cDNA 
expression vectors may also include intervening sequences (introns), 
which are spliced from the pre-RNA in. 

DETD . . . occurs from the pKSSINBVdlJR construct. Junction region changes 
at Sindbis nts 7600 and 7 602 are downstream of the NSP 4 termination 
codon and upstream of the structural proteins initiation codon. 

DETD . . . are observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong Nyong virus, 
Eastern Equine Encephalitis virus, Western Equine Encephalitis 
virus, and Venezuelan Equine Encephalitis virus) are given below: 

DETD In order to insert the lucif erase gene into the pVGELVIS-SINBV vector, 
the SV40 intron and transcription termination sequences at the 3' -end 
of luciferase must be removed so that when the pre-RNA, transcribed from 
the plasmid DNA luciferase. 

DETD . . . expression, is enhanced by several modifications to the 

pVGELVIS-SINBV-luc vector. These modifications include alternate RNA 
polymerase II promoters and transcription termination signals, the 
addition of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid. 

DETD The transcription termination signals from the SV40 early region or 

Bovine growth hormone are inserted between the Sac I and Eco RI sites of 
pBGS131. The SV40 nts between viral nts 2643 to 2563 containing the 
early region transcription termination sequences are isolated by PCR 
amplification using the primer pair shown below and the pBR322/SV40 
plasmid {ATCC If 45019) as. 

DETD The Bovine growth hormone transcription termination sequences are 

isolated by PCR amplification using the primer pair shown below and the 
pCDNA3 plasmid (Invitrogen) as template. 

DETD In additional modifications to the ELVIS vector, the transcription 
termination sequences are fused directly to the 3 '-end Sindbis 
sequences, resulting in deletion of the polyadenylate tract; or 
alternatively the antigenomic. . . ribbzyme sequence of hepatitis 
delta virus [ HDV) is inserted between the 3 ' -polyadenylate tract of the 
ELVIS vector and the transcription termination signals. 

DETD In the second vector 3 ' -end configuration, the SV40 or BGH transcription 
termination signals are fused directly to the 3 ' -end of the ELVIS 
vector corresponding to Sindbis nt 11,700 and the polyadenylate tract. 

DETD ... a polyadenylate tract are combined with the plasmid 

constructions containing the HDV ribozyme sequence and the SV4 0 or BGH 
transcription termination signals. This construction corresponds to 
the insertion of pKSSINBV and pKSSINBV-luc vector sequences into the 
pBGS131/HDV/3'SV40TT and pBGS131/HDV/3 ' BGHTT plasmids Alternatively, . 

precisely at the viral 3' end corresponding to viral nt 11,700 are 
linked directly to the SV40 or BGH transcription termination signals. 
This construction corresponds to the insertion of pKSSINBVdlA and 
pKSSINBVdlA-luc vector sequences into the pBGS131/HDV/3 * SV4 0TT and 
pBGS131/HDV/3* BGHTT plasmids. 

DETD Using the same overlapping PCR approach, the CMV promoter is 

positioned at the 5* viral end such that transcription initiation 
results in the addition of a single non-viral nucleotide at the Sindbis 
5* end. Amplification of the CMV promoter in the first primary PCR 
reaction is accomplished in a reaction containing the pCDNA3 plasmid and 
the following primer. 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22): 

DETD Reverse primer: SNCMV1142R (SIN nts 8-1/CMV pro nts 1142-1108): 

DETD Forward primer: CMVSIN1F (CMV pro nts 1124-1142/SIN nts 1-20): 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22): 

DETD . . . plasmid DNA (FIG. 22A) . The data also demonstrate that direct 

linkage between the Sindbis virus 3 '-end and two different transcription 
termination/polyadenylation signals, resulting in deletion of the 
synthetic A 2 5 tract, decreased the activity of the DNA vector by 
more than three . 

DETD . . of in vitro synthesized transcripts, the cDNA is exchanged into 

a vector containing an RNA polymerase II promoter and transcription 
termination/polyadenylation sequence, as described in Example 2. For 
plant applications, such promoter and termination sequences are chosen 
from the appropriate plant systems (e.g., CaMV 35S promoter (Guilley et 
al., Cell 30:763-773, 1982), and nopaline synthase promoter and 
transcription termination sequence (Sanders et al . , Nucleic Acids Res. 
15:1543-1558). Vector constructs derived from these infectious genomic 
cDNA clones is subsequently accomplished. 

DETD . . . downstream of the disabled junction region in the pKSSINBVdlJR 
vector, which allows ribosomal scanning in genomic mRNA from 
non-structural gene termination to the heterologous genes. The 
heterologous proteins are expressed from genomic length mRNA by 
ribosomal scanning. This extends the life. 

DETD . . . et al., Gene 108:167-174, 1991). The sequences surrounding the 
ATG start codon from bases -9 to +1 conform to the KozaJc consensus 
sequence for efficient translational initiation (KozaJc, Cell 



corresponding to the carboxy terminal amino acid is changed to T, . 

gpt, for the current neomycin resistance, or other promoter 
elements, for example Drosophilia metallothionein or hsp 70, for the 
current CMV, MuLV, and SV4 0 promoters, may be readily accomplished 
given the disclosure provided herein. 

map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides 
corresponding to the KozaJc consensus sequence for efficient 
translational initiation at Sindbis nt 7638. The forward primer is 
complementary to Sindbis nts 7638-7661, and. 

structural protein gene mRNA, the alphavirus structural protein 
gene sequences, the 3 '-end alphavirus sequences required for 
replication, and a transcription termination/polyadenylation sequence. 
Because of an upstream open-reading frame which ends in translation 
termination codons prior to the AUG start site of the structural 
protein genes, expression of the alphavirus structural proteins can 
occur. 

In addition to their respective complementarities, primer SIN276-SPE 
contains a flanking UAA translation termination codon and Spel 
recognition sequence at its 5* end. PCR amplification of the fragment 
containing Sindbis 5' -end sequences fused to. 

Modifications of the CMV promoter/ antisense-Sindbis structural protein 
vector also can be constructed using other viral, cellular, or 
insect-based promoters. Using common molecular biology techniques know 
in the art, the CMV promoter can be switched out of the Invitrogen 
pcDNA3 vector and replaced by promoters such as those listed previously. 
Other. . . use of longer or shorter HDV or other catalytic ribozyme 
sequences for transcript processing, the substitution of a precise 
transcription termination signal for the catalytic ribozyme sequence, 
or the antisense expression of structural protein gene cassettes using 
any downstream sequence recognized. 

vector and the Astrovirus expression cassette, between the 
Astrovirus junction region and structural gene ATG, and between the 
structural gene termination codon and the Astrovirus 3 1 end. In order 
to generate wild type virus, this dual recombination event would have 
to. 

glycoproteins El and/or E2 from other alphaviruses or their 
variants is performed to alter tissue tropism. For example, Venezuelan 
equine encephalitis virus (VEE) is an alphavirus which exhibits 
tropism for cells of lymphoid origin, unlike its Sindbis virus 
counterpart. Therefore, Sindbis-derived vector. 

is amplified with a primer pair whose 5* -ends map, 
respectively, to the authentic AUG translational start site, including 
the surrounding Kozak consensus sequence, and UGA translational stop 
site. The forward primer is complementary to VEE nucleotides 7553-757 9, 
and the reverse primer. 

Madison, Wis.) by digestion of pcDNA3 with Apa I and EcoRV 
followed by GENECLEAN . TM. purification. The resulting construct, 
containing a CMV promoter which transcribes an antisense reporter 
cassette RNA of the configuration Sindbis 3 * -end sequence/LacZ 
gene/ junction region/Sindbis 5 '-end sequence/HDV ribozyme, is. 

vector. The re-ligated construct contains an antisense LacZ 
gene and a 3' Sindbis replicase protein recognition sequence downstream 
from a CMV promoter. The resulting construct is known as 
pcDNAaLacZ-3'Sin. The construct is transfected into BHK cells and 
utilized as described previously. 

assays; (d) map immune response epitopes; and (e) elicit and 
measure CTL responses to other non-HIV antigens such as mouse CMV(MCMV) . 
Subgenomic mRNA is synthesized in these vectors, which serves as a 
translational template for the Ad E3 and CMV H301 genes. Thus, in 
these constructions, functional HPV 16 antisense and hairpin ribozyme 
palliatives will be present on the levels. 

the E6/E7 or LI proteins. In these vectors, it would not be 
desired to include the immunoregulatory Ad E3 or CMV H301 genes. 

among the group described in Example 5, and the therapeutic 
palliative. Ordered insertion of the hairpin ribozyme, Ad E3 or CMV 
H301, IRES, and heterologous gene of interest components along the 
multiple cloning sequence located in the vector between the vector. 

The coding region and transcriptional termination signals of HSV-1 
thymidine kinase gene (HSV-TK) are isolated as a 1.8 kb Bglll/Pvu II 
fragment from plasmid 322TK (McKnight. 

6. The method according to claim 1, further comprising a transcription 
termination sequence. 

group consisting of the MoMLV promoter, metallothionein promoter, 
glucocorticoid promoter, SV4 0 promoter, CaMV 35S promoter, nopaline 
synthatase promoter, and the CMV promoter. 



from the group consisting of influenza virus, respiratory syncytial 
virus, IIPV, EBV, HIV, FeLV, FIV, Hantavirus, HTLVI, HTLV, II, and CMV. 



14 further comprising a transcription termination sequence. 

group consisting of the MoMLV promoter, metallothionein promoter, 
glucocorticoid promoter, SV40 promoter, CaMV 35S promoter, nopaline 
synthatase promoter, and the CMV promoter. 

the group consisting of influenza virus, respiratory syncytial virus, 
HPV, EBV, HIV, FeLV, FIV, Hantavirus, HTLV I, HITLV II, and CMV. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. A DNA alphavirus structural protein expression cassette, comprising 
an inducible promoter and an alphavirus structural protein gene, wherein 
the promoter directs the expression of the alphavirus structural protein 
gene upon induction of the promoter within a cell, and wherein prior to 
induction within the cell, the expression cassette does not express 
sufficient quantities of structural proteins to be cytotoxic to a BHK 
cell containing the expression cassette. 

2. A DNA alphavirus structural protein expression cassette, comprising a 
promoter 5' of viral cDNA which initiates the synthesis of RNA from the 
viral cDNA within a cell, followed by a 5' sequence which initiates 
transcription of alphavirus RNA from viral RNA, a viral junction region 
promoter operably-linked to one or more alphavirus structural protein 
genes and an alphavirus RNA polymerase recognition sequence, with the 
proviso that the cassette does not direct the expression of all 
alphavirus nonstructural protein genes. 

3. An alphavirus structural protein expression cassette, comprising a 
promoter and an alphavirus glycoprotein gene, wherein the promoter 
directs the expression of the alphavirus glycoprotein gene, with the 
proviso that the promoter does not direct the expression of an 
alphavirus capsid protein gene. 

4. An alphavirus structural protein expression cassette, comprising a 
promoter and an alphavirus structural protein gene, wherein the promoter 
directs the expression of the alphavirus structural protein gene, with 
the proviso that the promoter does not direct the expression of an 
alphavirus glycoprotein gene, nor the expression of all alphavirus 
nonstructural protein genes. 

5. An alphavirus structural protein expression cassette, comprising a 
promoter, an alphavirus structural protein gene, and a heterologous 
ligand sequence, wherein the promoter directs the expression of the 
alphavirus structural protein gene and the heterologous ligand sequence, 
with the proviso that the promoter does not direct the expression of all 
alphavirus nonstructural protein genes. 

6. An expression cassette according to claim 1, with the proviso that 
the promoter does not direct the expression of all alphavirus 
nonstructural protein genes. 

7. An expression cassette according to claim 3, with the proviso that 
the promoter does not direct the expression of all alphavirus 
nonstructural protein genes. 

8. The expression cassette according to any one of claims 1 to 7 wherein 
the alphavirus structural protein gene or glycoprotein gene is from a 
Venezuelan equine encephalitis virus. 

9. The expression cassette according to any one of claims 1 to 7 wherein 
the alphavirus structural protein gene or glycoprotein gene is from a 
Ross River virus. 

10. The expression cassette according to any one of claims 1 to 7 
wherein the alphavirus structural protein gene or glycoprotein gene is 
from a Semliki Forest virus. 



11. The expression cassette according to any one of claims 1 to 7 



from a Sindbis virus. 



12. The expression cassette according to any one of claims 1, 2, 4, 5 or 

6, wherein the alphavirus structural protein gene encodes an alphavirus 
capsid protein. 

13. The expression cassette of any one of claims 1, 2, 3, 5, 6 or 7, 
wherein the alphavirus structural protein gene or glycoprotein gene 
encodes a protein selected from the group consisting of alphavirus 
structural proteins E3, E2 and El. 

14. The expression cassette according to any one of claims 3, 4, 5, or 

7, wherein the cassette is a DNA cassette. 

15. The expression cassette according to any one of claims 2, 3, 4, 5, 

6, or 7, wherein the promoter is an inducible promoter which directs the 
expression of a protein within a cell upon induction of the promoter by 
an inducer. 



16. The expression cassette according to claim 14 wherein the promoter 
is selected from the group consisting of metallothionein, heat shock 
protein 65, heat shock protein 85, and MMTV. 

17. The expression cassette according to claim 14 wherein the promoter 
is selected from the group consisting of Drosophila actin 5C distal, 
SV4 0, Py, RSV, BK, JC, MuLV, CMV, and VA1RNA. 

18. The expression cassette according to claim 3 or 7, wherein said 
expression cassette is an RNA expression cassette. 

19. The expression cassette according to claim 4 or 5, wherein said 
expression cassette is an RNA expression cassette. 

20. The expression cassette according to claim 18 wherein the promoter 
is an alphavirus junction region. 

21. The expression cassette according to claim 19 wherein the promoter 
is an alphavirus junction region. 

22. A cell containing one or more alphavirus structural protein 
expression cassettes according to any one of claims 1 to 7 . 

23. A cell according to claim 22, wherein said cell is a packaging cell, 
and wherein said cell, upon introduction of an alphavirus vector 
construct, produces recombinant alphavirus particles. 

24. A method of making recombinant alphavirus particles, comprising 
introducing into a population of cells an alphavirus structural protein 
expression cassette according to any one of claims 1, 2, 5, 6 or 7, and 
a vector selected from the group consisting of an alphavirus vector 
construct, a eukaryotic layered vector initiation system, an RNA vector 
replicon, and a recombinant vector particle, such that recombinant 
alphavirus particles are produced. 

25. The method according to claim 24, further comprising the step of 
harvesting recombinant alphavirus particles from said population of 
cells . 



26. A method of making recombinant alphavirus particles, comprising 
introducing into a population of cells (a) an alphavirus structural 
protein expression cassette according to claim 3 or 7, (b) a vector 
selected from the group consisting of an alphavirus vector construct, a 
eukaryotic layered vector initiation system, an RNA vector replicon, and 
a recombinant vector particle, and {c) an expression cassette comprising 
a promoter and an alphavirus capsid gene, wherein the promoter directs 
the expression of the alphavirus capsid gene, with the proviso that the 
promoter does not direct the expression of an alphavirus glycoprotein 
gene, such that recombinant alphavirus particles are produced. 

27. The method according to claim 26, further comprising the step of 
harvesting recombinant alphavirus particles from said population of 
cells . 



28. A method of making recombinant alphavirus particles, comprising 
introducing into a population of cells (a) an alphavirus structural 
protein expression cassette according to claim 18, (b) a vector selected 
from the group consisting of an alphavirus vector construct, a 
eukaryotic layered vector initiation system, an RNA vector replicon, and 
a recombinant vector particle, and (c) an expression cassette comprising 
a promoter and an alphavirus capsid gene, wherein the promoter directs 
the expression of the alphavirus capsid gene, with the proviso that the 
promoter does not direct the expression of an alphavirus glycoprotein 



29. The method according to claim 28, further comprising the step of 
harvesting recombinant alphavirus particles from said population of 
cells. 

AI US 1996-741881 19961030 (8) 

SUMM . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. 

SUMM . . . transcription of the subgenomic fragment is reduced, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. 

SUMM . . . cell, the vector construct being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. 

SUMM . . . the vector construct being capable of expressing a heterologous 
ribonucleic acid sequence, and a 3' DNA sequence which controls 
transcription termination. 

SUMM . . . from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 
polyadenylation sequence. 

SUMM . . . group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
preferred embodiment, the heterologous sequence obtained from HPV 
encodes a protein selected from the group consisting of E5, . 

SUMM . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

SUMM 5C distal, SV40, heat shock protein 65, heat shock protein 70, 

Py, RSV, BK, JC, MuLV, MMTV, alphavirus junction region, CMV and VA1RNA. 

DETD . . . reduce viral transcription of the subgenomic fragment, an 

alphavirus RNA polymerase recognition sequence, and a 3* sequence which 
controls transcription termination. The vector may also include 
nucleic acid molecule (s) which are of a size sufficient to allow 
production of viable virus, . 

DETD . . . sequence encoding one or more proteins, said proteins 

preferably comprising alphavirus structural protein(s). Optionally, the 
expression cassette may include transcription termination, splice 
recognition, and polyadenylation addition sites. Preferred promoters 
include the CMV, MMTV, MoMLV, and adenovirus VA1RNA promoters. In 
addition, the expression cassette may contain selectable markers such as 
Neo, SV2 Neo, . 

DETD . . . promoters, such as, for example, the p-galactosidase 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 promoter, SP6 
promoter, SV4 0 promoter, CMV promoter, and MoMLV LTR. 

DETD . . . the human immunoglobulin heavy-chain binding protein, and a 
synthetic sequence of at least 15 bps corresponding' in part to the 
KozaX consensus sequence for efficient translational initiation. 
Although not described in detail here, these signals which affect 
translation initiation can also. 

DETD As noted above, the alphavirus cDNA vector construct also includes a 3 1 
sequence which controls transcription termination. A representative 
example of such a sequence is set forth in more detail below in Examples 
2 and 3. 

DETD . . . vector may be selected to hybridize to any pathogen-specific 
RNA, for instance target cells infected by pathogens such as HIV, CMV, 
HBV, HPV and HSV. 

DETD . . . that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . "HCV", respectively), Human Papiloma Virus ("HPV"), 

Epstein-Barr Virus ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, 
TTLV I, HTLV II and Cytomegalovirus ("CMV"). As utilized within the 
context of the present invention, "immunogenic portion" refers to a 
portion of the respective antigen which. 

DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3 f sequence which controls 
transcription termination. Briefly, such eukaryotic layered vector 
initiation systems provide a two-stage or "layered" mechanism which 
controls expression of heterologous nucleotide sequences., 
promoter which is capable of initiating the 5' synthesis of RNA from 
cDNA (e.g., a 5* promoter), a 3' transcription termination site, as 
well as one or more splice sites and/or a polyadenylation site, if 
desired. Representative promoters suitable for use. . . Mouse polyoma 
virus promoter ("Py"), rous sarcoma virus ("RSV"), BK virus and JC virus 



Adenovirus VA1RNA, rRNA promoter, tRNA methionine promoter, CaMV 35S 
promoter, nopaline synthetase promoter, and the lac promoter. The 
second. 

DETD . . . example, vector systems derived from viruses of the following 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenaviridae, Retroviridae (e.g., 
RSV, MoMLV, HIV, HTLV) , hepatitis delta. 

DETD . . . transcription of the subgenomic fragment is prevented, an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination. Within various embodiments, the 
viral junction region may be modified, such that viral transcription of 
the subgenomic fragment is merely. 

DETD . . . auto-immune or immune diseases. Representative examples of such 
diseases include viral infections such as HIV, HBV HTLV I, HTLV II, 
CMV, EBV and HPV, melanomas, diabetes, graft vs. host disease, 
Alzheimer's disease and heart disease. 

DETD . - . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence which controls 
transcription termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5' eukaryotic 
promoter capable of initiating. . . alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 
alphavirus RNA polymerase recognition sequence, and a 3' transcription 
termination/polyadenylation signal sequence. Such alphavirus cDNA 
expression vectors may also include intervening sequences (introns), 
which are spliced from the pre -RNA in. 

DETD . . . occurs from the pKSSINBVdlJR construct. Junction region changes 
at Sindbis nts 7 600 and 7 602 are downstream of the NSP 4 termination 
codon and upstream of the structural proteins initiation codon. 

DETD . . . are observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong Nyong virus, 
Eastern Equine Encephalitis virus, Western Equine Encephalitis 
virus, and Venezuelan Equine Encephalitis virus) are given below: 

DETD In order to insert the luciferase gene into the pVGELVIS-SINBV vector, 
the SV4 0 intron and transcription termination sequences at the 3 '-end 
of luciferase must be removed so that when the pre-RNA, transcribed from 
the plasmid DNA luciferase. 

DETD . . . expression, is enhanced by several modifications to the 

pVGELVIS-SINBV-luc vector. These modifications include alternate RNA 
polymerase II promoters and transcription termination signals, the 
addition of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid. 

DETD The transcription termination signals from the SV40 early region or 

Bovine growth hormone are inserted between the Sac I and Eco RI sites of 
pBGS131. The SV40 nts between viral nts 2643 to 2563 containing the 
early region transcription termination sequences are isolated by PCR 
amplification using the primer pair shown below and the pBR322/SV4 0 
plasmid (ATCC #45019} as template. 

DETD The Bovine growth hormone transcription termination sequences are 

isolated by PCR amplification using the primer pair shown below and the 
pCDNA3 plasmid (Invitrogen) as template. 

DETD In additional modifications to the ELVIS vector, the transcription 
termination sequences are fused directly to the 3' -end Sindbis 
sequences, resulting in deletion of the polyadenylate tract; or 
alternatively the antigenomic. . . ribozyme sequence of hepatitis 
delta virus (HDV) is inserted between the 3 ' -polyadenylate tract of the 
ELVIS vector and the transcription termination signals. 

DETD In the second vector 3' -end configuration, the SV40 or BGH transcription 
termination signals are fused directly to the 3 '-end of the ELVIS 
vector corresponding to Sindbis nt 11,700 and the polyadenylate tract. 

DETD ... a polyadenylate tract are combined with the plasmid 

constructions containing the HDV ribozyme sequence and the SV4 0 or BGH 
transcription termination signals. This construction corresponds to 
the insertion of pKSSINBV and pKSSINBV-luc vector sequences into the 
pBGS131/HDV/3'SV40TT and pBGS131/HDV/ 3 » BGHTT plasmids. Alternatively,. 

precisely at the viral 3 1 end corresponding to viral nt 11,700 are 
linked directly to the SV40 or BGH transcription termination signals. 
This construction corresponds to the insertion of pKSSINBVdlA and 
pKSSINBVdlA-luc vector sequences into the pBGS131/HDV/3 r SV4 0TT and 
pBGS131/HDV/3' BGHTT plasmids. 

DETD Using the same overlapping PCR approach, the CMV promoter is 

positioned at the 5* viral end such that transcription initiation 
results in the addition of a single non-viral nucleotide at the Sindbis 
5' end. Amplification of the CMV promoter in the first primary PCR 
reaction is accomplished in a reaction containing the pCDNA3 plasmid and 
the following primer. 

DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22) 

DETD Reverse primer: SNCMV1142R (SIN nts 8-1/CMV pro nts 1142-1108) 



DETD Forward primer: pCBgl233F (buffer sequence/Bgl II recognition 
sequence/CMV promoter nts 1-22) 

DETD . . . plasmid DNA (FIG. 22A) . The data also demonstrate that direct 

linkage between the Sindbis virus 3' -end and two different transcription 
termination/polyadenylation signals, resulting in deletion of the 
synthetic A25 tract, decreased the activity of the DNA vector by 
more than three. 

DETD . . . of in vitro synthesized transcripts, the cDNA is exchanged into 
a vector containing an RNA polymerase II promoter and transcription 
termination/polyadenylation sequence, as described in Example 2. For 
plant applications, such promoter and termination sequences are chosen 
from the appropriate plant systems (e.g., CaMV 35S promoter (Guilley et 
al., Cell 30:763-773, 1982), and nopaline synthase promoter and 
transcription termination sequence (Sanders et al., Nucleic Acids Res. 
15:1543-1558). Vector constructs derived from these infectious genomic 
cDNA clones is subsequently accomplished. 

DETD . . . downstream of the disabled junction region in the pKSSINBVdlJR 
vector, which allows ribosomal scanning in genomic mRNA from 
non-structural gene termination to the heterologous genes. The 
heterologous proteins are expressed from genomic length mRNA by 
ribosomal scanning. This extends the life. 

DETD . . . et al., Gene 108:167-174, 1991). The sequences surrounding the 
ATG start codon from bases -9 to +1 conform to the KozaJc consensus 
sequence for efficient translational initiation {KozaJc, Cell 
44:283-292, 1986). Where possible, the 3» terminal nucleotide 
corresponding to the carboxy terminal amino acid is changed to T, . 

DETD . . . gpt, for the current neomycin resistance, or other promoter 
elements, for example Drosophilia metallothionein or hsp 70, for the 
current CMV, MuLV, and SV4 0 promoters, may be readily accomplished 
given the disclosure provided herein. 

DETD . . . map, respectively, to the authentic AUG translational start and 
UGA translational stop sites, including the surrounding nucleotides 
corresponding to the KozaJc consensus sequence for efficient 
translational initiation at Sindbis nt 7638. The forward primer is 
complementary to Sindbis nts 7638-7661, and. 

DETD . . . structural protein gene mRNA, the alphavirus structural protein 
gene sequences, the 3* -end alphavirus sequences required for 
replication, and a transcription termination/polyadenylation sequence. 
Because of an upstream open-reading frame which ends in translation 
termination codons prior to the AUG start site of the structural 
protein genes, expression of the alphavirus structural proteins can 
occur. 

DETD In addition to their respective complementarities, primer SIN276-SPE 
contains a flanking UAA translation termination codon and Spel 
recognition sequence at its 5* end. PCR amplification of the fragment 
containing Sindbis 5 '-end sequences fused to. 

DETD Modifications of the CMV promoter/antisense-Sindbis structural protein 
vector also can be constructed using other viral, cellular, or 
insect -based promoters. Using common molecular biology techniques know 
in the art, the CMV promoter can be switched out of the Invitrogen 
pcDNA3 vector and replaced by promoters such as those listed previously. 
Other. . . use of longer or shorter HDV or other catalytic ribozyme 
sequences for transcript processing, the substitution of a precise 
transcription termination signal for the catalytic ribozyme sequence, 
or the antisense expression of structural protein gene cassettes using 
any downstream sequence recognized. 

DETD . . . vector and the Astrovirus expression cassette, between the 
Astrovirus junction region and structural gene ATG, and between the 
structural gene termination codon and the Astrovirus 3 1 end. In order 
to generate wild type virus, this dual recombination event would have 
to. 

DETD . . . glycoproteins El and/or E2 from other alphaviruses or their 

variants is performed to alter tissue tropism. For example, Venezuelan 
equine encephalitis virus (VEE) is an alphavirus which exhibits 
tropism for cells of lymphoid origin, unlike its Sindbis virus 
counterpart. Therefore, Sindbis-derived vector. 

DETD ... is amplified with a primer pair whose 5 '-ends map, 

respectively, to the authentic AUG translational start site, including 
the surrounding KozaJc consensus sequence, and UGA translational stop 
site. The forward primer is complementary to VEE nucleotides 7553-7579, 
and the reverse primer. 

DETD . . . Madison, Wis.) by digestion of pcDNA3 with Apa I and EcoRV 
followed by GENECLEAN . TM . purification. The resulting construct, 
containing a CMV promoter which transcribes an antisense reporter 
cassette RNA of the configuration Sindbis 3 ' -end sequence/LacZ 
gene/ j unction region/Sindbis 5 '-end sequence/HDV ribozyme, is. 

DETD . . . vector. The re-ligated construct contains an antisense LacZ 
gene and a 3' Sindbis replicase protein recognition sequence 
downstream from a CMV promoter. The resulting construct is known as 
pcDNAaLacZ-3 1 Sin. The construct is transfected into BHK cells and 
utilized as described previously. 

DETD . . . assays; (d) map immune response epitopes; and (e) elicit and 



DETD Subgenomic mRNA is synthesized in these vectors, which serves as a 
translational template for the Ad E3 and CMV H301 genes. Thus, in 
these constructions, functional HPV 16 antisense and hairpin ribozyrae 
palliatives will be present on the levels. 

DETD . . . the E6/E7 or LI proteins. In these vectors, it would not be 
desired to include the immunoregulatory Ad E3 or CMV H301 genes. 

DETD . . . among the group described in Example 5, and the therapeutic 
palliative. Ordered insertion of the hairpin ribozyme, Ad E3 or CMV 
H301, IRES, and heterologous gene of interest components along the 
multiple cloning sequence located in the vector between the vector. 

DETD The coding region and transcriptional termination signals of HSV-1 

thymidine kinase gene (HSV-TK) are isolated as a 1.8 kb Bgl II/Pvu II 
fragment from plasmid 322TK. 

one of claims 1 to 7 wherein the alphavirus structural protein gene 
or glycoprotein gene is from a Venezuelan equine encephalitis virus. 

wherein the promoter is selected from the group consisting of 
Drosophila actin 5C distal, SV40, Py, RSV, BK, JC, MuLV, CMV, and 
VA1RNA. 
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CLM What is claimed is: 

1. A method of immunizing an individual comprising: injecting into 
skeletal muscle tissue of said individual at a site on said individual's 
body, bupivacaine and a DNA molecule that comprises a DNA sequence that 
encodes an antigen from a pathogen, said DNA sequence operatively linked 
to regulatory sequences which control the expression of said DNA 
sequence; wherein said DNA molecule is taken up by cells in said 
skeletal muscle tissue, said DNA sequence is expressed in said cells and 
an immune response is generated against said antigen. 

2. The method of claim 1 wherein said pathogen is an intracellular 
pathogen . 

3. The method of claim 1 wherein said pathogen is a virus selected from 
the group consisting of: human immunodeficiency virus, HIV; human T cell 
leukemia virus, HTLV; influenza virus; hepatitis A virus; hepatitis B 
virus; hepatitis C virus; human papilloma virus, HPV; Herpes simplex 1 
virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, CMV; 
Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 

4 . The method of claim 1 wherein said pathogen is HIV and said DNA 
molecule comprises a DNA sequence that encodes an HIV antigen. 

5. The method of claim 1 wherein at least two non-identical DNA 
molecules are injected into skeletal muscle tissue of said individual at 
different sites on said individual's body, said bupivacaine being 
injected into each of the different sites of an individual; said 
non-identical DNA molecules each comprising DNA sequences encoding one 
or more pathogen antigens of the same pathogen. 

6. A method of immunizing an individual comprising: injecting into 
skeletal muscle tissue of said individual at a site on said individual's 
body, bupivacaine and a DNA molecule that comprises a DNA sequence that 
encodes a hyperproliferative disease-associated protein operatively 
linked to regulatory sequences; wherein said DNA molecule is taken up by 
cells in said skeletal muscle tissue, said DNA sequence is expressed in 
said cells, and an immune response is generated against said 
hyperproliferative disease-associated protein. 

7. The method of claim 6 wherein said DNA molecule comprises a DNA 
sequence encoding a target protein selected from the group consisting 
of: protein products of oncogenes myb, myc, fyn, ras, src, neu and trk; 
protein products of translocation gene bcr/abl; P53; variable regions of 
antibodies made by B cell lymphomas; and variable regions of T cell 
receptors of T cell lymphomas. 

8. A method of immunizing an individual comprising: injecting into 
skeletal muscle tissue of said individual, bupivacaine and a DNA 



disease-associated protein operatively linked to regulatory sequences; 
wherein said DNA molecule is taken up by cells in said skeletal muscle 
tissue, said DNA sequence is expressed in said cells and an immune 
response is generated against said autoimmune disease-associated 
protein . 

9. The method of claim 8 wherein said DNA molecule comprises a DNA 
sequence encoding a target protein selected from the group consisting 
of: variable regions of antibodies involved in B cell mediated 
autoimmune disease; and variable regions of T cell receptors involved in 
T cell mediated autoimmune disease. 
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the individual. Regulatory elements for DNA include a promoter 
and a polyadenylation signal. In addition, other elements, such as a 
KozaJc region, may also be included in the genetic construct. 

the DNA or RNA molecule that comprises a nucleotide sequence 
which encodes the target protein and which includes initiation and 
termination signals operably linked to regulatory elements including a 
promoter and polyadenylation signal capable of directing expression in 
the cells of . 

Virus (MMTV) promoter, Human Immunodeficiency Virus (HIV) such 
as the HIV Long Terminal Repeat (LTR) promoter, Moloney virus, ALV, 
Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus { EBV) , Rous Sarcoma Virus (RSV) as well as promoters 
from human genes such as. 

but not limited to: human Actin, human Myosin, human 
Hemoglobin, human muscle creatine and viral enhancers such as those from 
CMV, RSV and EBV. 

be operably linked to the nucleotide sequence that encodes the 
target protein. Accordingly, it is necessary for the initiation and 
termination codons to be in frame with the coding sequence. 

and a polyadenylation signal. The promoter may be selected from 
the group consisting of: HIV LTR, human Actin, human Myosin, CMV, RSV, 
Moloney, MMTV, human Hemoglobin, human muscle creatine and EBV. The 
enhancer may be selected from the group consisting of: human Actin, 
human Myosin, CMV , RSV, human Hemoglobin, human muscle creatine and 
EBV. The polyadenylation signal may be selected from the group 
consisting of: LTR. 

A region from just upstream of the unique PflMI site to just after the 
vif termination codon was amplified via PCR using primers that 
introduced a non-conservative amino acid change (glu->val) at 
aminoacid 22 of vpr, . 

HXB2 was amplified via PCR and cloned into the expression 
vector pCNDA/neo (Invitrogen) . This plasmid drives envelope production 
through the CMV promoter. 

expression is MMTV LTR. The promoter may be deleted and 
replaced with Actin promoter, myosin promoter, HIV LTR promoter and 
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yes 


yes 


RA-8 




CMV 


no 


yes 


no 


RA-9 




CMV 


no 


no 


yes 


RA-10 




CMV 


CME 


yes 


yes 


RA-11 




CMV 


CME 


yes 


no 


RA-12 




CMV 


CME 


no 


yes 


RA-13 




MMTV 


no 


yes 


yes 


RA-14 




MMTV 


no 


yes 


no 


RA-15 




MMTV 


no 


no 


yes 


RA-16 




MMTV 


CME 


yes 


yes 


RA-17 




MMTV. 








DETD 




to be 


introduced 


by vaccination. A region from just upstream of 




the 


unique PflMI site to 


just after the vif termination codon was 




amplified via 


PCR using primers 


that introduced a non-conservative amino 




acid change (glu-»val) at 


amino 


acid 22 of. 


DETD 




. The HIV 5' LTR promoter 


can be deleted and replaced with Moloney 




virus promoter 


, MMTV LTR, 


Actin 


promoter, myosin promoter and CMV 




promoter . 








DETD 












Construct 


Promoter 


poly(A) 


Ampr 



LA-1 Moloney 

LA- 2 Moloney 

LA -3 Moloney 

LA- 4 Moloney 

LA- 5 CMV 

LA- 6 CMV 

LA-7 CMV 



HIV 3' LTR yes 
SV4 0 yes 

HIV 3' LTR no 
SV4 0 no 

HIV 3 ! LTR yes 
SV4 0 yes 

HIV 3 1 LTR no 



LA- 9 
LA- 10 
LA-11 
LA-12 
LA- 13 
DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



MMTV 
MMTV 
MMTV 
MMTV 
HIV 5' 



HIV 3* 
SV40 
HIV 3* 
SV4 0 



LTR 



LTR 



yes 
yes 
no 
no 



the thymidine kinase promoter and polyadenylation site. The HIV 
env coding region is placed under the regulatory control of the CMV 
promoter and SV40 polyadenylation site. The HIV env coding region was 
obtained as a 2.3 kb PCR fragment form HIV/3B, . 

the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV40 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI7449, and includes. 

the thymidine kinase promoter and polyadenylation site. The HIV 
gag/pol coding region is placed under the regulatory control of the 
CMV promoter and SV40 polyadenylation site. The HIV gag/pol coding 
region was obtained from HIV MN, Genebank sequence MI7449, and includes. 

Several safety features are included in pGAGPOL. rev. These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
deletion of the \\t sequence limits the ability to package viral RNA. 
In. 

Several safety features are included in pGAGPOL . rev . These include use 
of the CMV promoter and a non-retroviral poly (A) site. Furthermore, 
tat has been deleted and a 50% deletion of nef yields an "inactive". 

Step 4a. Digest with BamHI and ligate with the CMV promoter obtained 
by PCR of pCEP4 (Invitrogen, San Diego Calif.) with primers SEQ ID 
NO.:27 and SEQ ID NO.:28. 

be any promoter functional in a human cell. It is preferred 
that the promoter is an SV4 0 promoter or a CMV promoter, preferably a 
CMV immediate early promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that. 

separated by non-coding regions. In order to be properly 
expressed, a coding region must have an initiation codon and a 
termination codon. 

be any promoter functional in a human cell. It is preferred 
that the promoter is an SV4 0 promoter or a CMV promoter, preferably a 
immediate early CMV promoter. The polyadenylation signal may be any 
polyadenylation signal functional in a human cell. It is preferred that 
the polyadenylation. . . separated by non-coding regions. In order to 
be properly expressed, a coding region must have an initiation codon and 
a termination codon. 

identical to or substantially similar to epitopes of HIV 
proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation signal. 

encodes at least one HIV protein or a fragment thereof. The 
coding sequence is under the regulatory control of the CMV immediate 
early promoter and the SV40 minor polyadenylation signal. The HIV 
protein is selected from the group consisting of gag, . 

identical to or substantially similar to epitopes of HIV 
proteins. The coding sequence is under the regulatory control of the 
CMV immediate early promoter and the SV40 minor polyadenylation 
signal. The two expression units are encoded in opposite directions of 
each. 

protein or a fragment thereof. Each expression unit comprises a 
coding sequence that is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadenylation signal. The 
HIV protein is selected from the group consisting of gag, . 
Examples include: (Medical) dengue, yellow fever, Japanese 
encephalitis, St. Louis encephalitis and tick borne encephalitis 
viruses . 

(Medical) these viruses are not placed in a family yet but are 
believed to be either a togavirus or a flavivirus. Most similarity is 
with togavirus family. 

B virus; hepatitis C virus; human papilloma virus, HPV; Herpes 
simplex 1 virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomegalovirus, 
CMV; Epstein-Barr virus, EBR; rhinovirus; and, coronavirus. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
CLM What is claimed is: 

1. An alphavirus vector construct, comprising: (a) a 5* promoter which 
directs synthesis of viral RNA in vitro from cDNA, (b) a 5' sequence 
which directs transcription of alphavirus RNA, (c) a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural 
proteins, (d) an alphavirus RNA polymerase recognition sequence, and (e) 
a 3' polyadenylate tract; wherein a sequence which encodes nonstructural 
protein 2 (nsP2) is altered such that, when it is operably incorporated 
into an RNA vector replicon, the time required to reach 50% inhibition 
of host cell directed macromolecular synthesis following expression in 
mammalian cells is increased, as compared to RNA vector replicons having 
a wild-type alphavirus nsP2. 

2. The alphavirus vector construct according to claim 1 wherein said 5' 
promoter which initiates synthesis of viral RNA in vitro from cDNA is a 
bacteriophage promoter. 

3. The alphavirus vector construct according to claim 2 wherein said 
bacteriophage promoter is an SP6 promoter. 

4. The alphavirus vector construct according to claim 2 wherein said 
bacteriophage promoter is a T7 or T3 promoter. 

5. An alphavirus RNA vector replicon capable of translation in a 
eukaryotic system, comprising: (a) a 5 ? sequence which initiates 
transcription of alphavirus RNA, (b) a nucleic acid molecule which 
operably encodes all four alphaviral nonstructural proteins, (c} an 
alphavirus junction region promoter (d) an alphavirus RNA polymerese 
recognition sequence; and (e) a 3 ? polyadenylate tract; wherein a 
sequence which encodes nonstructural protein 2 (nsP2) is altered such 
that, when it is operably incorporated into an RNA vector replicon, the 
time required to reach 50% inhibition of hostmels directed 
macromolecular synthesis following expression in mammalian cells is 
increased, as compared to RNA vector replicons having a wild-type 
alphavirus nsP2. 

6. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
sequence encoding said altered nonstructural protein has a mutation 
within a Leu-Xaa-Pro-Gly-Gly motif SEQ ID NO: 119. 

7. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
sequence encoding said altered nonstructural protein has a mutation one 
to three amino acids upstream or downstream of a Leu-Xaa-Pro-Gly-Gly 
motif SEQ ID NO: 119. 



8. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
alphavirus is Sindbis virus. 

9. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
alphavirus is Ockelbo virus. 

10. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
alphavirus is Semliki Forest virus. 

11. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 8 wherein said 
alphavirus is Venezuelan equine encephalitis virus. 

12. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 8 wherein said 
alphavirus is Ross River virus. 

13. The alphavirus vector construct according to claim 1 wherein said 
alphavirus vector construct further comprises an alphavirus junction 
region promoter. 

14 . The alphavirus vector construct according to claim 13 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
alphavirus vector construct or said alphavirus RNA vector replicon 
further comprises a heterologous nucleic acid sequence. 

15. The alphavirus vector construct or RNA vector replicon according to 
claim 14 wherein said heterologous nucleic acid sequence encodes a 
lymphokine . 

16. The alphavirus vector construct or RNA vector replicon according to 
claim 15 wherein said lymphokine is interleukin-2 (IL-2) . 

17. The alphavirus vector construct or RNA vector replicon according to 
claim 14 wherein said heterologous nucleic acid sequence encodes an 
interferon . 



18. The alphavirus vector construct or RNA vector replicon according to 
claim 14 wherein said heterologous nucleic acid sequence encodes a 
growth factor . 

19. The alphavirus vector construct or RNA vector replicon according to 
claim 18 wherein said growth factor is basic Fibroblast Growth Factor 

( FGF) . 

20. The alphavirus vector construct or RNA vector replicon according to 
claim 18 wherein said growth factor is Platelet-derived Growth Factor 
(PDGF) . 

21. The alphavirus vector construct or RNA vector replicon according to 
claim 18 wherein said growth factor is a bone morphogenetic protein. 

22. The alphavirus vector construct or RNA vector replicon according to 
claim 14 wherein said heterologous nucleic acid sequence encodes an 
antigen from a pathogenic agent. 

23. The alphavirus vector construct or RNA vector replicon according to 
claim 22 wherein said pathogenic agent is a virus. 

24. The alphavirus vector construct or RNA vector replicon according to 
claim 23 wherein said virus is selected from the group consisting of 
hepatitis B virus ( HBV) , hepatitis C virus (HCV) and human 
immunodeficiency virus (HIV) . 

25. The alphavirus vector construct according to claim 1 or the 
alphavirus RNA vector replicon according to claim 5 wherein said 
alphavirus is Sindbis virus and wherein said altered nsP2 has a mutation 
at amino acid residue 726. 



26. A alphavirus vector construct, comprising: (a) a 5' promoter which 
directs synthesis of viral RNA in vitro from cDNA; (b) a 5' sequence 
which directs transcription of alphavirus RNA; (c) a nucleic acid 
sequence which operably encodes all four alphaviral nonstructural 
proteins; (d) alphavirus junction region promoter sequence; (e) 
heteomlogous nucleic acid sequence; (f) an alphavirus RNA polymerase 
recognition sequence; and (g) a 3' polyadenylate tract; wherein said 
nucleic acid sequence which operably encodes all four alphaviral 
nonstructural proteins further comprises an altered nucleic acid 
sequence encoding for nonstructural protein 2 (nsP2) having a mutation 



sequence is operably incorporated into an RNA vector replicon, the time 
required to reach 50% inhibition of host-cell directed macromolecular 
synthesis following expression in mammalian cells is increased, as 
compared to an RNA vector replicon having a wild-type alphavirus nsP2. 

AI US 1997-944465 19971006 <8) 

SUMM . - - USA 89:2679-2683, 1992; Dubensky et al. f J. Virol. 70:508-519, 
1996), Semliki Forest virus (Liljestrom, Bio/Technology 9:1356-1361, 
1991), and Venezuelan Equine Encephalitis virus (Davis et al . , J. 
Cell. Biochem. Suppl . 19A:10, 1995). In addition, one group has 
suggested using alphavirus-derived vectors for the. 

SUMM . . . Such vectors may be constructed from a wide variety of 

alphaviruses (e.g, Semliki Forest virus, Ross River virus, Venezuelan 
equine encephalitis virus or Sindbis virus), and designed to express 
numerous heterologous sequences (e.g., a sequence corresponding to 
protein, a sequence corresponding to. 

SUMM . . . one of the above-described nucleic acid molecules. Within one 
embodiment, the expression vector further comprises a polyadenylation 
sequence or transcription termination sequence 3' to the nucleic acid 
molecule . 

SUMM . . . proteins, a selectable marker operably linked to transcription 
of the expression cassette, and optionally, a 3' sequence which controls 
transcription termination. Within one embodiment, such expression 
cassettes further comprise a 5* sequence which initiates transcription 
of alphavirus RNA, a viral junction. 

SUMM . . . promoters, RNA polymerase III promoters, the HSV-TK promoter, 
RSV promoter, tetracycline inducible promoter, MoMLV promoter, a SV4 0 
promoter and a CMV promoter. Within preferred embodiments, the 5' 
promoter is an inducible promoter as described herein. 

SUMM . . . export from the nucleus. Within further embodiments, the 

eukaryotic layered vector initiation systems provided herein may further 
comprise a transcription termination signal. 

DETD ... or more biologically active alphavirus structural proteins 
(e.g., C, E3, E2, 6K, El), and a 3* sequence which controls 
transcription termination. The expression cassette also may include a 
5' sequence which is capable of initiating transcription of an 
alphavirus RNA (also. 

DETD . . .5* promoter which is capable of initiating the synthesis of 
viral RNA from cDNA, a 3' sequence which controls transcription 
termination, splice recognition sequences, a catalytic ribozyme 
processing sequence, a sequence encoding a selectable marker, and a 
nuclear export signal. 

DETD . . . initiation system may also contain splice recognition 

sequences, a catalytic ribozyme processing sequence, a nuclear export 
signal, and a transcription termination sequence. In certain 
embodiments, in vivo synthesis of the vector nucleic acid sequence from 
cDNA may be regulated by the. 

DETD ... is capable of initiating in vivo the synthesis of viral RNA 

from cDNA, and a 3' sequence which controls transcription termination. 
Within certain embodiments, the vector construct may further comprise a 
viral subgenomic "junction region" promoter which may, in certain 
embodiments, . 

DETD . . . alphavirus stocks. These plasmids include: for Semliki Forest 
Virus, pSP6-SFV4 (Liljestrom et al., J. Virol. 65:4107-4113, 1991); for 
Venezuelan equine encephalitis virus, pV2000 (Davis et al . , Vir. 
183:20-31, 1991); for Ross River virus, pRR64 (Kuhn et al . , Vir. 
182:430-441, 1991). Briefly, for. . . 

DETD . . . Schlesinger, Trends Biotechnol. 11:18-22, 1993; Dubensky et 

al., ibid), Semliki Forest virus (Liljestrom and Garoff, Bio/Technology 
9:1356-1361, 1991), Venezuelan equine encephalitis virus {Davis et 
al., J. Cell. Biochem. Suppl. 19A:310, 1995), poliovirus (Choi et al., 
J. Virol. 65:2875-2883, 1991; Ansardi et al . , . 

DETD . . . example, the bacterial p-galactosidase and trpE promoters, 

and the eukaryotic viral simian virus 40 (SV40) (e.g., early or late), 
cytomegalovirus (CMV) (e.g., immediate early), Moloney murine leukemia 
virus (MoMLV) or Rous sarcoma virus (RSV) LTR, and herpes simplex virus 
(HSV) (thymidine. 

DETD ... as one of two large polyproteins , known as P123 or P1234, 

respectively, depending upon (i) whether there is an opal termination 
codon between the coding regions of nsP3 and nsP4 and (ii) if there is 
such an opal codon present, whether there is translation termination 
of the nascent polypeptide at that point or readthrough and hence 
production of P1234. The opal termination codon is present at the 
nsP3/nsP4 junction of the alphaviruses SIN (strain AR339 and the SIN-1 
strain described herein), AURA,. . . and RR, and thus the P123 and 
P1234 species are expressed in cells infected with these viruses. In 
contrast, no termination codon is present at the nsP3/nsP4 junction of 
the alphaviruses SIN (strain AR86, SF, and ONN) , and thus only the. 
. Translational readthrough generally occurs about 10%— 20% of the time 
in cells infected with wild type Sindbis virus containing the opal 
termination codon at the nsP3/nsP4 junction. Processing of P123 and 
P1234 is by a proteinase activity encoded by the one of. 



heavily phosphorylated state. In alphaviruses whose genomes contain an 
opal termination codon between the nsP3/nsP4 junction, two different 
proteins are produced depending upon whether or not there is readthrough 
of the opal termination signal. Readthrough results in an nsP3 protein 
which contains 7 additional carboxy terminal amino acids after cleavage 
of the polyprotein. . 
DETD . . . cell, the construct also being capable of expressing a 

heterologous nucleic acid sequence, and a 3' sequence that controls 
transcription termination (e.g., a polyadenylate tract). Such 
eukaryotic layered vector initiation systems provide a two-stage or 
"layered" mechanism that controls expression of. . . synthesis of RNA 
from cDNA (e.g., a 5* eukaryotic promoter), and may further comprise 
other elements, including a 3* transcription 

termination/polyadenylation site, one or more splice sites, as well as 
other RNA nuclear export elements, including, for example, the hepatitis 
B. . . herpes simplex virus (HSV) promoter, BK virus and JC virus 
promoters, mouse mammary tumor virus (MMTV) promoter, alphavirus 
junction region, CMV promoter, Adenovirus El or VAIRNA promoters, rRNA 
promoters, tRNA methionine promoter, CaMV 35S promoter, nopaline 
synthetase promoter, tetracycline responsive promoter, . 

DETD . . . example, vector systems derived from viruses of the following 
families: Picomaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g., alphavirus, 
rubella), Flaviviridae (e.g., yellow fever, HCV) , Coronaviridae (e.g., 
HCV, TGEV, IBV, MHV, BCV) , Bunyaviridae, Arenaviridae, Retroviridae 
(e.g., RSV, MoMLV, HIV, HTLV), hepatitis. 

DETD . . . alphavirus particle, results in the desired phenotype), an 

alphavirus RNA polymerase recognition sequence, and a 3' sequence which 
controls transcription termination/polyadenylation. In addition, a 
viral junction region which is operably linked to a heterologous 
sequence to be expressed may be included. . 

DETD . . . RNA by binding specifically to a tetracycline operator sequence 
(tetO) located immediately adjacent to a minimal "core" promoter (for 
example, CMV) . The binding and transactivation event is reversibly 
blocked by the presence of tetracycline, and may be "turned on" by 
removing. 

DETD ... of togaviruses, including, but not limited to, alphaviruses 
(such as Sindbis Virus (e.g., SIN-1 or wild-type Sindbis virus), 
Venezuelan Equine Encephalitis virus, Ross River virus, Eastern 
Equine Encephalitis virus, Western Equine Encephalitis virus, 
and rubiviruses (e.g., rubella). 

DETD . . . that any truncation leave intact at least some of the 

immunogenic sequences of the altered cellular component. Alternatively, 
multiple translational termination codons may be introduced downstream 
of the immunogenic region. Insertion of termination codons will 
prematurely terminate protein expression, thus preventing expression of 
the transforming portion of the protein. 

DETD . . . Syncytial Virus, Human Papiloma Virus ("HPV"), Epstein-Barr 

Virus ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, HTLV I, HTLV II 
and Cytomegalovirus ("CMV"). As utilized within the context of the 
present invention, "immunogenic portion" refers to a portion of the 
respective antigen which. 

DETD ... or immune diseases. Representative examples of such diseases 
include viral infections such as HIV, HBV, HCV, HTLV I, HTLV II, CMV, 
EBV and HPV, melanomas, diabetes, graft vs. host disease, Alzheimer's 
disease and heart disease. More specifically, within one aspect of. 

DETD The SIN-1 specific nucleotide sequences of the pRSIN-lg clone was 
determined by the dideoxy-chain termination method. Sequence 
comparison of 8,000 bp of viral sequence revealed multiple differences 
between the SIN-1 clone described herein and the. 

DETD . . . directly. The gene encoding neomycin (G418) resistance was 
isolated by standard three-cycle PCR amplification, with 1.5 minutes 
extension, from plasmid pCDNA3 (Invitrogen, San Diego, Calif.), using 
the following oligonucleotide primers that were designed to contain 
flanking Xho I and Not I. 

DETD . . . phenotype. The gene encoding neomycin (G418) resistance was 
isolated by standard three-cycle PCR amplification, with 1.5 minutes 
extension, from plasmid pCDNA3 (Invitrogen, San Diego, Calif.), using 
the following oligonucleotide primers that were designed to contain 
flanking BamH I restriction sites: 

DETD The bovine growth hormone (BGH) transcription 

termination/polyadenylation signal was inserted between the Sac I and 
Eco RI sites of pBGS131 dlXho I. The BGH transcription termination 
sequences were isolated by PCR amplification using the primer pair shown 
below and the pCDNA3 plasmid (Invitrogen, San Diego, Calif.) as 
template. 

DETD Forward Primer BGHTTF (buffer sequence/Sac I site/pCDNA3 nts 

1132-1161): (SEQ. ID NO. 37) 
DETD Reverse Primer BGHTTR (buffer seguence/Eco RI site/pCDNA3 nts 

1180-1154): ( SEQ. ID NO. 38) 
DETD ... of the Sindbis virus expression vector from plasmid 



transcription termination sequence on the pBGS131 dlXho I plasmid. 

DETD Assembly of the Sindbis virus plasmid DNA vector was completed by- 
insertion of the CMV promoter juxtaposed with the first 2289 nts of 
the Sindbis virus genome (includes the 5' viral end and a portion of the 
nsPs genes) into the pBG/SIN-lBglLF plasmid. Using an overlapping PCR 
approach, the CMV promoter was positioned at the 5* viral end such 
that transcription initiation results in the addition of a single 
non-viral nucleotide at the 5 r end of the Sindbis virus vector replicon 
RNA. The CMV promoter was amplified in a first PCR reaction from 
pCDNA3 (Invitrogen, San Diego, Calif.) using the following primer pair: 

DETD Forward Primer: pCBgl233F (buffer seguence/Bgl II recognition 
seguence/CMV promoter nts 1-22): (SEQ. ID NO. 41) 

DETD Reverse Primer: SNCMV1142R (SIN nts 8-1/CMV pro nts 1142-1108): (SEQ. 
ID NO. 42) 

DETD Forward Primer: CMVSIN1F (CMV pro nts 1124-1142/SIN nts 1-20): (SEQ. 

ID NO. 43) 
DETD . . 
Plasmid Transfected RLU at 48 hpt 

pBG/SIN-1 ELVS 1.5-SEAP 18 ± 1.7 

pBG/wt ELVS 1.5-SEAP 94 ± 10.7 

pCDNA3 0.13 ± 0.04 
DETD ... 109 

pBG/wt ELVS 1.5-luc 4.1 * 109 

pBG/SIN-1 ELVS 1.5-luc 72 1.8 x 109 

pBG/wt ELVS 1.5-luc 5.8 * 109 

PCDNA3 48 482 
DETD . . . 2232585 ± 299166 
pBG/wt ELVS 1.5-p-gal 3514262 ± 54 8225 

pBG/SIN-1 ELVS 1.5-p-gal 120 3200910 ± 128036 
pBG/wt ELVS 1.5-p-gal 1986537 ± 166869 

pCDNA3 3637 

DETD . . . were determined. The conventional plasmid vector was 

constructed by insertion of the lac Z gene (Promega, Madison, Wis.) into 
the CMV promoter-driven pUC-derived expression plasmid multiple 
cloning site (Invitrogen, San Diego, Calif.), and is known as 
pCMV-p-gal. The results of this. 

DETD . . . expression cassette components can also be performed. For 

example, substitution of the MoMLV RNA polymerase II promoter with the 
stronger CMV immediate early (IE) promoter significantly enhances the 
level of heterologous gene expression in transfected cells (Dubensky et 
al., J. Virol. 70:508-519, 1996, and Dubensky et al . , W/O 95/07994). 
Further, juxtaposition of introns, for example SV40 small t antigen or 
CMV intron A, either upstream or downstream from the heterologous 
gene, can increase the level of heterologous gene expression in some. 

DETD For example, an alphavirus structural protein expression cassette was 
constructed, whereby primary transcription from a CMV immediate early 
promoter produces an RNA molecule capable of efficient cytoplasmic 
amplification and structural protein expression only after translation 
of. . . ribozyme sequence, an additional plasmid from Dubensky et 
al., (ibid), pDLTRSINgHDV, was used as starting material to reconstruct 
the modified CMV-based DH construct. Plasmid pDLTRSINgHDV, an 
LTR-based Sindbis genomic clone containing the HDV ribozyme, was 
digested with Bgl II to remove. . . and purified from a 0.7% agarose 
gel using GENECLEAN II. TM. (BiolOl, San Diego, Calif.). The 
corresponding 5' -end fragment with a CMV promoter was obtained by Bgl 
II digestion of the Sindbis genomic clone pDCMVSINg (Dubensky et al., 
ibid) and purification from. . . agarose gel using GENECLEAN II, and 
then ligated into the Bgl II-deleted pDLTRSINgHDV vector to generate the 
construct pDCMVSINgHDV. This CMV-based genomic plasmid with an HDV 
ribozyme was shown to produce infectious Sindbis virus and cytopathic 
effect within 24 hr after. 

DETD Packaging activity of the CMV-based DH construct was also highly 

efficient in non-mammalian cells, for example, C6/36 mosquito cells. The 
use of such a non-mammalian. . . that both a DNA-based lucif erase 
reporter vector and DH helper vector expressing Sindbis structural 
proteins, under the control of the CMV promoter, were fully functional 
in C6/36 cells, as demonstrated by luciferase vector packaging. 

DETD . . . DNA fragment comprising the 3' -end of Sindbis virus, a 
synthetic A 40 tract, the antigenomic HDV ribozyme, and a BGH 
transcription termination signal, was removed from plasmid pBG/SIN-1 
ELVS 1.5 (Example 5) by digestion with Not I and EcoR I, and 
purification. . . with alkaline phosphatase, and purified with 
GENECLEAN II for insertion of remaining 5' -end and nonstructural gene 
sequences, along with a CMV IE promoter. The remaining sequences 
were obtained by digestion of plasmidpDCMVSINg (Dubensky et al., ibid) 
with Bgl II, purification of the fragment from a 1% agarose gel using 
GENECLEAN II, and ligation with the linear pBGSV3'BF vector, to create 



of this construct for initiation of the Sindbis virus replication cycle 
was determined by Lipof ectamine-mediated . 
DETD . . . codons of the nsPl open reading frame. Briefly, the neomycin 
resistance gene was amplified by standard three-cycle PCR from the 
pCDNA3 vector (Invitrogen, San Diego, Calif.), using the following 
oligonucleotide primers that were designed to contain flanking BspE I 
and BamH. 

DETD . . . FIG. 14. The configuration of pBGSVCMVdlneo includes, as part 

of the structural protein expression cassette and controlled by the same 
CMV promoter, a fusion protein comprising the initiator methionine and 
amino-terminal 121 amino acids of nsPl and the neomycin resistance gene. 

DETD Next, the transcription termination signal from the SV40 early region 

is inserted between the Sac I and Eco RI sites of pBGSINsp, immediately 
downstream of the Sindbis sequence. The SV40 viral nucleotides 2643 to 
2563, containing the early region transcription termination sequences, 
are isolated by PCR amplification using the primer pair shown below and 
the pBR322/SV40 plasmid (ATCC #45019), as template. 

DETD . . . #2, the neo resistance marker is amplified by standard three 
cycle PCR with a 1.5 minute extension, from template plasmid pCDNA3 
(Invitrogen, San Diego, Calif.), using the following oligonucleotide 
primers that are designed to also contain a flanking Nsi I site. 

DETD . . . the following oligonucleotide primers that are designed to 

contain a flanking Xho I site and translation initiation codon in good 
Kozak context, or a flanking Not I site and the translation stop codon. 

DETD . . or no inhibition of host macromolecular synthesis, plus, 

structural proteins which redirect the tropism of the recombinant 
particle. Venezuelan equine encephalitis virus (VEE) is an 
alphavirus which exhibits tropism for cells of lymphoid origin, unlike 
its Sindbis virus counterpart. Therefore, Sindbis-derived vector. 

DETD ... by PCR with a primer pair whose 5 '-ends map, respectively, to 
the authentic AUG translational start site, including the surrounding 
KozaJc consensus sequence, and the UGA translational stop site. The 
forward primer is complementary to VEE nucleotides 7553-7579, and the 
reverse. 

DETD . . . RNA by binding specifically to a tetracycline operator sequence 
(tetO) located immediately adjacent to a minimal "core" promoter (for 
example, CMV) . The binding and transactivation event is reversibly 
blocked by the presence of tetracycline, and may be "turned on" by 
removing. 

DETD . . . tetracycline-regulated DNA-based alphavirus vector is 

demonstrated by constructing a modified SIN-l-derived luciferase plasmid 
vector, which is driven by a tetracycline operator/CMV minimal 
promoter. Using plasmids pBG/SIN-1 ELVS1.5-luc {Example 4) and pBGSV3 ' 
(Example 6) as starting material, an approximately 7200 bp fragment, . 

II. The resulting construct is designated pBGSVdlB/SINl-luc. 
Insertion of the remaining sequences, which include the heptamerized 
tetracycline operator and minimal CMV promoter (tetO/CMV) linked to 
Sindbis nucleotides 1-2289, such that transcription will initiate with 
one additional nonviral nucleotide 5' of Sindbis nucleotide 1, is 
accomplished by overlapping PCR. In PCR reaction §1, the approximately 
370 bp tetO/CMV portion of the sequence is amplified by standard 
three-cycle PCR with a 30 second extension from template plasmid 
pUHC13-3 (Gossen. 

DETD Reverse Primer: 3 °CMVpro/SINR (S'-Sindbis nts . /CMV nts . ) { SEQ. 
ID. NO. 89) 

DETD . . . from template plasmid pKSRSIN-1 (Example 1), using the 

following oligonucleotide primers that are designed to also contain 
sequences overlapping the CMV promoter nucleotides on one primer. 

DETD Forward Primer: CMVSINS'endF (S'-CMV nts. /Sindbis nts.) (SEQ. ID. NO. 
90) 

DETD . . . identified by restriction analysis. This configuration 

positions the promoter and gpt gene immediately adjacent to a bovine 
growth hormone transcription termination signal. The resulting gpt 
expression construct is designated pBGS131 dLXhoI-gpt. Next the entire 
expression cassette is amplified from plasmid pBGS131. 

according to claim 1 or the alphavirus RNA vector- replicon according 
to claim 8 wherein said alphavirus is Venezuelan equine encephalitis 
virus . 
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1. A recombinant DNA molecule comprising a nucleotide coding sequence 
that encodes a fusion protein, wherein said fusion protein consists of a 
hepatitis B virus S gene product linked to amino acids 1-69 of the 
hepatitis C virus core protein. 

2. The recombinant nucleic acid molecule of claim 1 wherein the N 
terminal amino acid of said hepatitis C virus core protein is linked to 
the C terminal amino acid of said hepatitis B virus S gene product. 

3. A method of inducing an immune response against hepatitis C virus in 
an individual uninfected by hepatitis C virus comprising the step of: 
administering to said individual the DNA molecule of claim 1 in an 
amount effective to induce an immune response against hepatitis C virus. 

4. A method of treating an individual who is infected with the hepatitis 
C virus comprising the step of: administering to said individual the DNA 
molecule of claim 1 in an amount effective to induce an immune response 
against hepatitis C virus, wherein antibodies are produced. 

5. A recombinant DNA molecule comprising a nucleotide sequence that 
encodes a fusion protein, wherein said fusion protein consists of a 
hepatitis B virus S gene product linked to amino acids 1-70 to 1-154 of 
the hepatitis C virus core protein. 

6. The recombinant nucleic acid molecule of claim 5 wherein the N 
terminal amino acid of said hepatitis C virus core protein is linked to 
the C terminal amino acid of said hepatitis B virus S gene product. 

7. A method of inducing an immune response against hepatitis C virus in 
an individual uninfected by hepatitis C virus comprising the step of: 
administering to said individual the DNA molecule of claim 5 in an 
amount effective to induce an immune response against hepatitis C virus. 

8. A method of treating an individual who is infected with hepatitis C 
virus comprising the step of: administering to said individual the DNA 
molecule of claim 5 in an amount effective to induce an immune response 
against hepatitis C virus, wherein antibodies are produced. 

9. A recombinant DNA molecule comprising a nucleotide sequence that 
encodes a fusion protein, wherein said fusion protein consists of a 
fragment of the hepatitis B virus pre S2 gene product linked to the 
hepatitis B virus S gene product linked to amino acids 1-69 of the 
hepatitis C virus core protein . 

10. The recombinant nucleic acid molecule of claim 9 wherein the N 
terminal amino acid of said hepatitis B virus S gene product is linked 
to the C terminal amino acid of said hepatitis B virus pre S2 gene 
product, and the N terminal amino acid of said hepatitis C virus core 
protein is linked to the C terminal amino acid of said hepatitis B virus 
S gene product. 

11. A method of inducing an immune response against hepatitis C virus in 
an individual uninfected by hepatitis C virus comprising the step of: 
administering to said individual the DNA molecule of claim 9 in an 
amount effective to induce an immune response against hepatitis C virus. 

12. A method of treating an individual who is infected with hepatitis C 
virus comprising the step of: administering to said individual the DNA 
molecule of claim 9 in an amount effective to induce an immune response 
against hepatitis C virus, wherein antibodies are produced. 

13. A recombinant DNA molecule comprising a nucleotide sequence that 
encodes a fusion protein, wherein said fusion protein consists of a 
fragment of the hepatitis B virus pre S2 gene product linked to the 
hepatitis B virus S gene product linked to amino acids 1-70 to 1-154 of 
the hepatitis C virus core protein. 

14. The recombinant nucleic acid molecule of claim 13 wherein the N 
terminal amino acid of said hepatitis B virus S gene product is linked 
to the C terminal amino acid of said hepatitis B virus pre S2 gene 
product, and the N terminal amino acid of said hepatitis C virus core 
protein is linked to the C terminal amino acid of said hepatitis B virus 
S gene product. 

15. A method of inducing an immune response against hepatitis C virus in 
an individual uninfected by hepatitis C virus comprising the step of: 
administering to said individual the DNA molecule of claim 13 in an 
amount effective to induce an immune response against hepatitis C virus. 

16. A method of treating an individual who is infected with hepatitis C 
virus comprising the step of: administering to said individual the DNA 
molecule of claim 13 in an amount effective to induce an immune response 



17. A recombinant DNA molecule comprising a nucleotide sequence that 
encodes a fusion protein, wherein said fusion protein consists of the 
hepatitis B virus pre S2 gene product linked to the hepatitis B virus S 
gene product linked to amino acids 1-69 of the hepatitis C virus core 
protein . 

18. The recombinant nucleic acid molecule of claim 17 wherein the N 
terminal amino acid of said hepatitis B virus S gene product is linked 
to the C terminal amino acid of said hepatitis B virus pre S2 gene 
product, and the N terminal amino acid of said hepatitis C virus core 
protein is linked to the C terminal amino acid of said hepatitis B virus 
S gene product. 

19. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the DNA molecule of claim 17 in an 
amount effective to induce an immune response, wherein antibodies are 
produced . 

20. A method of treating an individual who is infected with hepatitis C 
virus comprising the step of: administering to said individual the DNA 
molecule of claim 17 in an amount effective to induce an immune response 
against hepatitis C virus, wherein antibodies are produced. 

21. A recombinant DNA molecule comprising a nucleotide sequence that 
encodes a fusion protein, wherein said fusion protein consists of the 
hepatitis B virus pre S2 gene product linked to the hepatitis B virus S 
gene product linked to amino acids 1-70 to 1-154 of the hepatitis C 
virus core protein. 

22. The recombinant nucleic acid molecule of claim 21 wherein the N 
terminal amino acid of said hepatitis B virus S gene product is linked 
to the C terminal amino acid of said hepatitis B virus pre S2 gene 
product, and the N terminal amino acid of said hepatitis C virus core 
protein is linked to the C terminal amino acid of said hepatitis B virus 
S gene product. 

23. A method of immunizing an individual susceptible to or infected by- 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the DNA molecule of claim 21 in an 
amount effective to induce an immune response, wherein antibodies are 
produced . 

24. A method of treating an individual who is infected with hepatitis C 
virus comprising the step of: administering to said individual the DNA 
molecule of claim 21 in an amount effective to induce an immune response 
against hepatitis C virus, wherein antibodies are produced. 

25. The recombinant DNA molecule of any one of claims 1, 5, 9, 13, 17, 
or 21 comprising a cytomegalovirus promoter, a Rous Sarcoma Virus 
enhancer, and a polyadenylation sequence, wherein the nucleotide coding 
sequence is operatively linked to said promoter, enhancer, and 
polyadenylation sequence. 

26. The recombinant DNA molecule of claim 25 further comprising the 5' 
UTR of hepatitis C virus, wherein said nucleotide coding sequence is 
operatively linked thereto. 

27. A recombinant DNA molecule comprising a nucleotide coding sequence 
that encodes a fusion protein, wherein said fusion protein is selected 
from the group consisting of: a fusion protein that consists of the 
hepatitis B virus S gene product linked to a truncated hepatitis C virus 
core protein, a fusion protein that consists of a fragment of the the 
hepatitis B virus pre S2 gene product linked to the hepatitis B virus S 
gene product linked to a truncated hepatitis C virus core protein, and a 
fusion protein that consists of the hepatitis B virus pre S2 gene 
product linked to the hepatitis B virus S gene product linked to a 
truncated hepatitis C virus core protein. 

28. The recombinant DNA molecule of claim 27 wherein said fusion protein 
consists of the hepatitis B virus S gene product linked to a truncated 
hepatitis C virus core protein. 

29. The recombinant DNA molecule of claim 27 wherein said fusion protein 
consists of a fragment of the hepatitis B virus pre S2 gene product 
linked to the hepatitis B virus S gene product linked to a truncated 
hepatitis C virus core protein. 

30. The recombinant DNA molecule of claim 27 wherein said fusion protein 
consists of the hepatitis B virus pre S2 gene product linked to the 
hepatitis B virus S gene product linked to a truncated hepatitis C virus 



31. A pharmaceutical composition comprising: a) a recombinant DNA 
molecule of claim 1; wherein said nucleotide sequence is operably linked 
to regulatory elements functional in human cells; and b) a 
pharmaceutical^ acceptable carrier or diluent. 

32. The pharmaceutical composition of claim 31 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

33. The pharmaceutical composition of claim 32 further comprising the 5* 
UTR of hepatitis C virus. 

34 . A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 
31 in an amount effective to induce an immune response, wherein 
antibodies are produced. 

35. The method of claim 34 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition. 

36. A pharmaceutical composition comprising: a) the recombinant DNA 
molecule of claim 5, wherein said nucleotide sequence is operably linked 
to regulatory elements functional in human cells; and b} a 
pharmaceutical^ acceptable carrier or diluent. 

37. The pharmaceutical composition of claim 36 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

38. The pharmaceutical composition of claim 37 further comprising the 5' 
UTR of hepatitis C virus. 

39. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 
36 in an amount effective to induce an immune response, wherein 
antibodies are produced. 

40. The method of claim 39 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition . 

41. A pharmaceutical composition comprising: a) the recombinant DNA 
molecule of claim 9, wherein said nucleotide sequence is operably linked 
to regulatory elements functional in human cells; and b) a 
pharmaceutical^ acceptable carrier or diluent. 

42. The pharmaceutical composition of claim 41 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

43. The pharmaceutical composition of claim 42 further comprising the 5' 
UTR of hepatitis C virus. 

44. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 
41 in an amount effective to induce an immune response, wherein 
antibodies are produced. 

45. The method of claim 44 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition . 

46. A pharmaceutical composition comprising: a) the recombinant DNA 
molecule of claim 13, wherein said nucleotide sequence is operably 
linked to regulatory elements functional in human cells; and b) a 
pharmaceutical^ acceptable carrier or diluent. 

47. The pharmaceutical composition of claim 46 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

48. The pharmaceutical composition of claim 47 further comprising the 5 1 
UTR of hepatitis C virus. 

4 9. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 



antibodies are produced. 



50. The method of claim 49 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition . 

51. A pharmaceutical composition comprising: a) the recombinant DNA 
molecule of claim 17, wherein said nucleotide sequence is operably 
linked to regulatory elements functional in human cells; and b) a 
pharmaceutical^ acceptable carrier or diluent. 

52. The pharmaceutical composition of claim 51 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

53. The pharmaceutical composition of claim 52 further comprising the 5* 
UTR of hepatitis C virus. 

54. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 
51 in an amount effective to induce an immune response, wherein 
antibodies are produced. 

55. The method of claim 54 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition . 

56. A pharmaceutical composition comprising: a) the recombinant DNA 
molecule of claim 21, wherein said nucleotide sequence is operably 
linked to regulatory elements functional in human cells; and b) a 
pharmaceutically acceptable carrier or diluent. 

57 . The pharmaceutical composition of claim 56 wherein said regulatory 
elements functional in human cells comprise a cytomegalovirus promoter, 
a Rous Sarcoma Virus enhancer, a polyadenylation sequence. 

58. The pharmaceutical composition of claim 57 further comprising the 5 1 
UTR of hepatitis C virus. 

59. A method of immunizing an individual susceptible to or infected by 
hepatitis C virus for producing antibodies comprising the step of: 
administering to said individual the pharmaceutical composition of claim 
56 in an amount effective to induce an immune response, wherein 
antibodies are produced . 

60. The method of claim 59 wherein bupivacaine is administered to said 
individual at the site of administration of the pharmaceutical 
composition . 

AI US 1997-854531 19970512 (8) 

SUMM . . . positive stranded RNA virus, approximately 9,500 nucleotides in 
length, which has recently been classified as a separate genus within 
the Flavi virus family (Heinz, F. X., Arch. Virol. (Suppl.), 1992, 4, 
163-171}. Different isolates show considerable nucleotide sequence 
diversity leading to the. 

DETD ... 69 amino acids of the HCV core protein, and the entire HBV S 
gene product, as well as initiation and termination signals operably 
linked to regulatory elements including a promoter and polyadenylation 
signal capable of directing expression in the cells of the vaccinated 
individual. In some embodiments, the gene construct further comprises an 
enhancer, Kozafc sequence { GCCGCCATG SEQ ID NO: 13), and at least a 
fragment of the HCV 5' UTR. 

DETD . . . The regulatory elements include a promoter and a 

polyadenylation signal. In addition, other elements, such as an enhancer 
and a Kozak sequence, may also be included in the gene construct. 

DETD . . . Virus (MMTV) promoter, Human Immunodeficiency Virus (HIV) such 
as the HIV Long Terminal Repeat (LTRJ promoter, Moloney virus, ALV, 
Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus ( EBV) , Rous Sarcoma Virus (RSV) as well as promoters 
from human genes such as. 

DETD . . . but not limited to: human Actin, human Myosin, human 

Hemoglobin, human muscle creatine and viral enhancers such as those from 
CMV, RSV and EBV. 

DETD In expression vectors of the invention, nucleotide coding sequence 

encoding the fusion protein is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadenylation signal. 
Constructs may optionally contain the SV40 origin of replication. 

DETD . . . and 2C154XBA-R 5 ' -TCTCTAGATTACTAGCCATGCGCCAAGGCCCTGG-3 ' (SEQ ID 
NO: 9) primer. The PCR product was digested with BamHI and Xbal, and 
ligated into the pcDNA3 vector (Invitrogen) . The final 20 amino acids 
of the HCV core protein binds tightly to ER membrane. Considering this 



digested with BamHI and Nael and ligated into BamHI site-EcoRl site in 
the pcDNA3 vector. 

DETD . . . (SEQ ID N0:12). Amplified DNA was digested with BamHI and 
Hindlll, and ligated into the BamHI site-Hindlll site of the pcDNA3 
vector that included the HCV core gene. The gene encoding the small S 
was produced by digestion of middle S. . . (pre S2-S) PCR product by 
Xho-I followed by Klenow treatment. In the upstream sequence of the 
pre-S2-S-HCV fusion constructs, a KozaJc sequence (GCCGCCATG SEQ ID 
NO: 13) was included in the Kz Hind pS2 primer and this was added to the 
preS2-S-HCV. 

DETD . . . proteins described above each contain the nucleotide coding 

region for the fusion protein placed under the transcriptional control 
of the CMV promoter and the RSV enhancer element. 

DETD . . . and operably linked to the promoter and polyadenylation signal. 
Transcription of the cloned inserts is under the control of the CMV* 
promoter and the RSV enhancer elements. A polyadenylation signal is 
provided by the presence of an SV40 poly A signal. 
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CLM What is claimed is: 

1. A bacteriophage lambda particle comprising bacteriophage lambda 
structural proteins and a nucleic acid molecule comprising a nucleotide 
sequence exogenous to bacteriophage lambda wherein said bacteriophage 
structural proteins comprise a modified gpJ tail fiber protein which can 
bind to the membrane of an animal cell thereby causing said 
bacteriophage particle to bind said animal cell, and wherein said 
nucleic acid molecule is taken into said animal cell. 

2. The bacteriophage lambda particle according to claim 1 wherein the 
exogenous nucleotide sequence codes for a compound selected from the 
group consisting of a polypeptide, an anti-sense RNA, and a ribozyme. 

3. A method of producing the bacteriophage lambda particle of claim 1 
comprising a) obtaining a head extract comprising said nucleic acid 
molecule comprising a nucleotide sequence exogenous to bacteriophage 
lambda in a prohead; b) obtaining a tail extract comprising said 
modified lambda gpJ bacteriophage tail fiber polypeptide and; c) 
combining in vitro the head extract and the tail extract to form said 
bacteriophage lambda particle. 

4 . The method of claim 3, wherein said exogenous nucleotide sequence 
codes for a for a compound selected from the group consisting of a 
polypeptide, an anti-sense RNA, and a ribozyme. 

AI US 1994-366522 19941230 (8) 

DETD . . . antibiotic such as neomycin, hygromycin, phleomycin, 

histidinol, or methotrexate, as well as one or more restriction sites 
and a translation termination sequence. In addition, if the vector 
construct is placed into a bacteriophage such as lambda, the vector 
construct must include . 

DETD . . . Formation of the initiator complex allows polymerization of 
gpV, the major tail protein. The addition of gpU and gpZ provide 
termination and maturation functions and generate a mature tail which 
can bind head structures (Hendrix et al . , 1983). 

DETD . . . construct may also include a signal which directs 

polyadenylation, as well as one or more restriction sites and a 
translation termination sequence. In addition, nucleic acid molecules 
coding for a selectable marker are neither required nor preferred. 

DETD . . . used in the vectors of the invention. These include, but are 
not limited to, the cytomegalovirus major immediate early promoter 
( CMV MIE } , the early and late SV40 promoters, the adenovirus major 
late promoter, thymidine kinase or thymidylate synthase promoters, 
a or. 

DETD Vectors according to the invention may also contain an enhancer 

sequence, e.g., a CMV or SV40 enhancer operably associated with other 
elements employed to regulate expression. A variety of other elements 
which control gene. . . from Mason-Pfizer monkey virus (MPMV) , a 219 
nucleotide sequence that allows rev-independent replication of 
rev-negative HIV provital clones, and a KozaJc sequence. Rev protein 
functions to allow nuclear export of unspliced and singly spliced HIV 
RNA molecules. The MPMV element allows. 

DETD . . . group consisting of influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 



encodes a protein selected from the group consisting of E5, . 

DETD . . . are complementary to influenza virus, HPV, HBV, HCV, EBV, HIV, 
HSV, FeLV, FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences. 

DETD . . . non structural proteins, a vital junction region, a 

heterologous sequence, a Sindbis RNA polymerase recognition sequence, 
and a 3' transcription termination polyadenylation signal sequence. 
The eukaryotic Sindbis cDNA expression vector may include also 
intervening sequences (introns), which are spliced from the. 

DETD . . - from cDNA is selected from the group consisting of the MoMLV 
promoter, metallothionein promoter, glucocorticoid promoter, SV40 
promoter, and the CMV promoter. Within further embodiments, the 
eukaryotic layered vector initiation systems further comprise a 
polyadenylation sequence. 

DETD . . - mouse polyoma virus promoter (Py), rous sarcoma virus (RSV}, BK 
virus and JC virus promoters, MMTV promoter, alphavirus junction region, 
CMV MIE promoter, adenovirus VA1RNA, rRNA promoter, tRNA methionine 
promoter and the lac promoter. The second layer comprises a construct 
which. 

DETD . . . for example, vector systems derived from viruses from the 
families: Picornaviridae (e.g., poliovirus, rhinovirus, 
coxsackieviruses), Caliciviridae, Togaviridae (e.g. alphavirus, 
rubella), Flaviviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 
TGEV, IBV, MHV, BCV) , Rhabdoviridae, Filoviridae, Paramyxoviridae (e.g., 
parainfluenza virus, mumps virus, measles virus, . 

DETD . . . polyadenylation signal is provided at a restriction site 
downstream of the neoR insertion site by incorporating bovine 
growth hormone transcription termination sequences from the plasmid 
pCDNA3 (Invitrogen, San Diego, Calif.) into a downstream site. The 
nucleic acid molecule comprising the SV40 promoter sequences, the 
neoR gene. 

DETD ... of bacteriophage transduction of eukaryotic cells can be 

assayed using a lambda test vector encoding a SV40-neo cassette and/or a 

CMV-p-galactosidase construct packaged using wild type head and 

tail extracts. The bacteriophage may be titered on E. coli and HT-lamB 

in. 
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AB Recombinant nucleic acid molecules are described. The molecules have a 

sequence or sequences encoding an antigen from Bacillus anthracis. 

Vectors and compositions containing these molecules are also described. 

Methods for eliciting an immune response using these molecules and 

compositions are also described. 
CLM What is claimed is: 

1. A polynucleotide vaccine composition comprising a nucleic acid 
sequence that encodes a Bacillus anthracis antigen, wherein said nucleic 
acid sequence is operatively linked to a promoter suitable for 
expression of the antigen in a mammalian cell. 

2. The composition of claim 1 wherein the nucleic acid sequence is 
present in a plasmid vector. 

3. The composition of claim 1 wherein the nucleic acid sequence encodes 
an antigen obtained or derived from the Protective Antigen of Bacillus 
anthracis . 



4. The composition of claim 3 wherein the antigen encoded by the nucleic 
acid sequence is substantially homologous to the full-length Protective 
Antigen protein. 

5. A polynucleotide vaccine composition, said composition comprising: a 
first nucleic acid sequence that encodes a Bacillus anthracis antigen; 
and a second nucleic acid sequence that encodes a leader signal peptide 
operatively linked to the first nucleic acid sequence, wherein said 
first and said second nucleic acid sequences are operatively linked to a 
promoter suitable for expression thereof in a mammalian cell and said 
leader signal peptide provides for the secretion of the encoded antigen. 

6. The composition of claim 1 further comprising an adjuvant component. 

7. The composition of claim 6 wherein said adjuvant component is present 
in the composition in the form of a nucleic acid sequence. 

8. The composition of claim 7 wherein said adjuvant component is a CpG 
sequence . 

9. The composition of claim 7 wherein said adjuvant component is a 
further nucleic acid sequence that encodes a polypeptide adjuvant. 

10. The composition of claim 6 wherein said adjuvant component is 
present in the composition in a form other than a nucleic acid sequence. 

11. The composition of claim 10 wherein said adjuvant component is 
selected from the group consisting of a polypeptide, a lipid, a 
non-protein hormone, and a vitamin. 

12. The composition of claim 11 wherein the adjuvant component comprises 
monophosphoryl lipid A. 

13. The composition of claim 11 wherein the adjuvant component comprises 
a saponin or a derivative thereof. 

14. The composition of claim 13 wherein the adjuvant component comprises 
Quil-A. 

15. The composition of claim 1 further comprising a pharmaceutical^ 
acceptable excipient or vehicle. 

16. The composition of claim 1 wherein said composition is in 
particulate form. 

17. The composition of claim 16 wherein the nucleic acid sequence is 
coated onto a core carrier particle. 

18. The composition of claim 17 wherein the core carrier particle has an 
average diameter of about 0.1 to about 10 urn. 

19. The composition of claim 17 wherein the core carrier particle 
comprises a metal. 

20. The composition of claim 19 wherein the metal is gold. 

21. The composition of claim 1 further comprising a transfection 
facilitating agent. 



22. The composition of claim 5 further comprising an adjuvant component. 



present in the composition in the form of a nucleic acid sequence. 

24. The composition of claim 23 wherein said adjuvant component is a CpG 
sequence . 

25. The composition of claim 23 wherein said adjuvant component is a 
further nucleic acid sequence that encodes a polypeptide adjuvant. 

26. The composition of claim 5 wherein said adjuvant component is 
present in the composition in a form other than a nucleic acid sequence. 

27. The composition of claim 26 wherein said adjuvant component is 
selected from the group consisting of a polypeptide, a lipid, a 
non-protein hormone, and a vitamin. 

28. The composition of claim 27 wherein the adjuvant component comprises 
monophosphoryl lipid A. 

29. The composition of claim 27 wherein the adjuvant component comprises 
a saponin or a derivative thereof. 

30. The composition of claim 29 wherein the adjuvant component comprises 
Quil-A. 

31. The composition of claim 5 further comprising a pharmaceutically 
acceptable excipient or vehicle. 

32. The composition of claim 5 wherein said composition is in 
particulate form. 

33. The composition of claim 32 wherein the nucleic acid sequence is 
coated onto a core carrier particle. 

34. The composition of claim 33 wherein the core carrier particle has an 
average diameter of about 0.1 to about 10 jim. 

35. The composition of claim 34 wherein the core carrier particle 
comprises a metal. 

36. The composition of claim 35 wherein the metal is gold. 

37. The composition of claim 5 further comprising a transfection 
facilitating agent. 

38. A method for eliciting an immune response against Bacillus anthracis 
in a subject, the method comprising administering the vaccine 
composition of claim 5 to the subject, whereby upon introduction to the 
subject, the nucleic acid sequence is expressed to provide the Bacillus 
anthracis antigen in an amount sufficient to elicit said immune 
response . 

39. The method of claim 38 wherein the vaccine composition is 
administered directly into skin or muscle tissue. 

40. The method of claim 38 wherein the vaccine composition is 
administered to the subject in particulate form. 

41. The method of claim 38 wherein the nucleic acid sequence is coated 
onto a core carrier particle and administered to the subject using a 
particle-mediated delivery technique. 

42. The method of claim 38 wherein the vaccine composition further 
comprises an adjuvant component. 

43. The method of claim 38 further comprising the step of administering 
a second vaccine composition to the subj ect . 

44. The method of claim 43 wherein the second vaccine composition is an 
anti-Bacillus anthracis vaccine containing the peptide form of the 
Protective Antigen from Bacillus anthracis. 

45. The method of claim 43 wherein the second vaccine composition is 
administered to the subject in a boosting step. 

46. The method of claim 43 wherein both vaccine compositions are 
administered to the same site in the subject. 

47. The method of claim 4 3 wherein the vaccine compositions are 
administered concurrently. 



48. The method of claim 43 wherein the vaccine compositions are combined 
to provide a single composition. 



49. A method for using a Bacillus anthracis antigen to induce a 
protective immune response in a subject, said method comprising: (a) 
providing an expression cassette containing a nucleic acid sequence 
encoding the Protective Antigen from Bacillus anthracis operatively 
linked to control sequences that direct expression of the Protective 
Antigen when introduced into tissue of the subject; and (b) 
administering the expression cassette to tissue of the subject such that 
the Protective Antigen is expressed in an amount sufficient to induce 
said protective immune response in the subject. 

50. The method of claim 49 wherein the expression cassette is present in 
a plasmid vector. 

51. A method for using a Bacillus anthracis antigen to induce an immune 
response in a subject, said method comprising: (a) providing an 
expression cassette containing a first nucleic acid sequence encoding 
the Protective Antigen from Bacillus anthracis and a second nucleic acid 
sequence that encodes a leader signal peptide, wherein said first and 
second nucleic acid sequences are operatively linked to each other and 
to control sequences that direct expression of said sequences when 
introduced into tissue of the subject and said leader signal peptide 
provides for the secretion of the encoded Protective Antigen; and (b) 
administering the expression cassette to tissue of the subject such that 
the Protective Antigen is expressed in an amount sufficient to induce 
said immune response in the subject. 

52. The method of claim 51 wherein the leader signal peptide is the 
tissue plasminogen activator (TPA) leader signal peptide. 

53. The method of claim 51 wherein the expression cassette is present in 
a plasmid vector. 

54. The method of claim 53 wherein the plasmid vector is administered 
directly into skin or muscle tissue of the subject. 

55. The method of claim 53 wherein the plasmid vector is administered to 
the subject in particulate form. 

56. The method of claim 55 wherein the plasmid vector is coated onto a 
core carrier particle and administered to the subject using a 
particle-mediated delivery technique. 
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AB Recombinant nucleic acid molecules are described. The molecules have a 

sequence or sequences encoding an antigen from Bacillus anthracis. 

Vectors and compositions containing these molecules are also described. 

Methods for eliciting an immune response using these molecules and 

compositions are also described. 
CLM What is claimed is: 

1. A polynucleotide vaccine composition comprising a nucleic acid 
sequence that encodes a Bacillus anthracis antigen, wherein said nucleic 
acid sequence is operatively linked to a promoter suitable for 
expression of the antigen in a mammalian cell. 

2. The composition of claim 1 wherein the nucleic acid sequence is 
present in a plasmid vector. 

3. The composition of claim 1 wherein the nucleic acid sequence encodes 
an antigen obtained or derived from the Protective Antigen of Bacillus 
anthracis . 

4 . The composition of claim 3 wherein the antigen encoded by the nucleic 
acid sequence is substantially homologous to the full-length Protective 
Antigen protein. 

5. A polynucleotide vaccine composition, said composition comprising: a 
first nucleic acid sequence that encodes a Bacillus anthracis antigen; 
and a second nucleic acid sequence that encodes a leader signal peptide 
operatively linked to the first nucleic acid sequence, wherein said 
first and said second nucleic acid sequences are operatively linked to a 
promoter suitable for expression thereof in a mammalian cell and said 
leader signal peptide provides for the secretion of the encoded antigen. 



7. The composition of claim 6 wherein said adjuvant component is present 
in the composition in the form of a nucleic acid sequence. 



8. The composition of claim 7 wherein said adjuvant component is a CpG 
sequence . 

9. The composition of claim 7 wherein said adjuvant component is a 
further nucleic acid sequence that encodes a polypeptide adjuvant. 

10. The composition of claim 6 wherein said adjuvant component is 
present in the composition in a form other than a nucleic acid sequence. 

11. The composition of claim 10 wherein said adjuvant component is 
selected from the group consisting of a polypeptide, a lipid, a 
non-protein hormone, and a vitamin. 

12. The composition of claim 11 wherein the adjuvant component comprises 
monophosphoryl lipid A. 

13. The composition of claim 11 wherein the adjuvant component comprises 
a saponin or a derivative thereof. 

14. The composition of claim 13 wherein the adjuvant component comprises 
Quil-A. 

15. The composition of claim 1 further comprising a pharmaceutical^ 
acceptable excipient or vehicle. 

16. The composition of claim 1 wherein said composition is in 
particulate form. 

17. The composition of claim 16 wherein the nucleic acid sequence is 
coated onto a core carrier particle. 

18. The composition of claim 17 wherein the core carrier particle has an 
average diameter of about 0. to about 10 urn. 

19. The composition of claim 17 wherein the core carrier particle 
comprises a metal. 

20. The composition of claim 19 wherein the metal is gold. 

21. The composition of claim 1 further comprising a transfection 
facilitating agent. 

22. The composition of claim 5 further comprising an adjuvant component. 

23. The composition of claim 22 wherein said adjuvant component is 
present in the composition in the form of a nucleic acid sequence. 

24. The composition of claim 23 wherein said adjuvant component is a CpG 
sequence . 

25. The composition of claim 23 wherein said adjuvant component is a 
further nucleic acid sequence that encodes a polypeptide adjuvant. 

26. The composition of claim 5 wherein said adjuvant component is 
present in the composition in a form other than a nucleic acid sequence. 

27. The composition of claim 26 wherein said adjuvant component is 
selected from the group consisting of a polypeptide, a lipid, a 
non-protein hormone, and a vitamin. 

28. The composition of claim 27 wherein the adjuvant component comprises 
monophosphoryl lipid A. 

29. The composition of claim 27 wherein the adjuvant component comprises 
a saponin or a derivative thereof. 

30. The composition of claim 29 wherein the adjuvant component comprises 
Quil-A. 

31. The composition of claim 5 further comprising a pharmaceutical^ 
acceptable excipient or vehicle. 

32. The composition of claim 5 wherein said composition is in 
particulate form. 

33. The composition of claim 32 wherein the nucleic acid sequence is 
coated onto a core carrier particle. 



average diameter of about 0.1 to about 10 urn. 

35. The composition of claim 34 wherein the core carrier particle 
comprises a metal. 

36. The composition of claim 35 wherein the metal is gold. 

37. The composition of claim 5 further comprising a transfection 
facilitating agent. 

38. A method for eliciting an immune response against Bacillus anthracis 
in a subject, the method comprising administering the vaccine 
composition of claim 5 to the subject, whereby upon introduction to the 
subject, the nucleic acid sequence is expressed to provide the Bacillus 
anthracis antigen in an amount sufficient to elicit said immune 
response . 

39. The method of claim 38 wherein the vaccine composition is 
administered directly into skin or muscle tissue. 

40. The method of claim 38 wherein the vaccine composition is 
administered to the subject in particulate form. 

41. The method of claim 38 wherein the nucleic acid sequence is coated 
onto a core carrier particle and administered to the subject using a 
particle-mediated delivery technique. 

42. The method of claim 38 wherein the vaccine composition further 
comprises an adjuvant component. 

43. The method of claim 38 further comprising the step of administering 
a second vaccine composition to the subject. 

44. The method of claim 43 wherein the second vaccine composition is an 
anti-Bacillus anthracis vaccine containing the peptide form of the 
Protective Antigen from Bacillus anthracis. 

45. The method of claim 43 wherein the second vaccine composition is 
administered to the subject in a boosting step. 

46. The method of claim 43 wherein both vaccine compositions are 
administered to the same site in the subject. 

47. The method of claim 43 wherein the vaccine compositions are 
administered concurrently. 

48. The method of claim 43 wherein the vaccine compositions are combined 
to provide a single composition. 

49. A method for using a Bacillus anthracis antigen to induce a 
protective immune response in a subject, said method comprising: (a) 
providing an expression cassette containing a nucleic acid sequence 
encoding the Protective Antigen from Bacillus anthracis operatively 
linked to control sequences that direct expression of the Protective 
Antigen when introduced into tissue of the subject; and (b) 
administering the expression cassette to tissue of the subject such that 
the Protective Antigen is expressed in an amount sufficient to induce 
said protective immune response in the subject. 

50. The method of claim 49 wherein the expression cassette is present in 
a plasmid vector. 

51. A method for using a Bacillus anthracis antigen to induce an immune 
response in a subject, said method comprising: (a) providing an 
expression cassette containing a first nucleic acid sequence encoding 
the Protective Antigen from Bacillus anthracis and a second nucleic acid 
sequence that encodes a leader signal peptide, wherein said first and 
second nucleic acid sequences are operatively linked to each other and 
to control sequences that direct expression of said sequences when 
introduced into tissue of the subject and said leader signal peptide 
provides for the secretion of the encoded Protective Antigen; and (b) 
administering the expression cassette to tissue of the subject such that 
the Protective Antigen is expressed in an amount sufficient to induce 
said immune response in the subject. 

52. The method of claim 51 wherein the leader signal peptide is the 
tissue plasminogen activator (TPA) leader signal peptide. 

53. The method of claim 51 wherein the expression cassette is present in 
a plasmid vector. 

54. The method of claim 53 wherein the plasmid vector is administered 



55. The method of claim 53 wherein the plasmid vector is administered to 
the subject in particulate form. 

56. The method of claim 55 wherein the plasmid vector is coated onto a 
core carrier particle and administered to the subject using a 
particle-mediated delivery technique. 
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AB In this application is described a protective DNA vaccines against 

infection with HFRS- and HPS-associated hantaviruses. The vaccines were 
constructed by subcloning cDNA representing the medium (M) (encoding the 
Gl and G2 glycoproteins) into the DNA expression vector pWRG7077. 
Animals vaccinated with the M construct developed a neutralizing 
antibody response. Passive transfer experiments show that serum from 
vaccinated animals, when injected on days 4 or 5 after challenge, 
protected animals from lethal disease. 

CLM What is claimed is: 

1. A nucleic acid set forth in SEQ ID NO: 6. 

2. A DNA fragment which encodes a Hantaan hantavirus M gene segment and 
the sequence according to claim 1. 

3. A DNA fragment which encodes a Seoul hantavirus M gene segment and 
the sequence according- to claim 1. 

4 . A DNA fragment which encodes an Andes hantavirus M gene segment and 
the sequence according to claim 1. 

5. A recombinant DNA construct comprising: (i) a vector, (ii) at least 
one hantavirus M gene nucleic acid fragment, and (iii) the nucleic acid 
fragment of claim 1. 

6. The recombinant DNA construct of claim 5 wherein said construct is 
pWRG/SEO-M set forth in SEQ ID N0:1. 

7. The recombinant DNA construct of claim 5 wherein said construct is 
pWRG/HTN-M(x) set forth in SEQ ID NO: 7. 

8. The recombinant DNA construct of claim 5 wherein said construct is 
pWRG/AND-M(x) set forth in SEQ ID NO: 8. 

9. The recombinant DNA construct of claim 5 wherein said construct 
comprises two said hantavirus M gene nucleic acid fragments. 

10. The recombinant DNA construct of claim 9 wherein said construct is 
pWRG/HA-M set forth in SEQ NO: 9. 

11. A composition of matter comprising inert particles; and a nucleic 
acid coated onto the inert particles producing nucleic acid coated 
particles, said nucleic acid comprising a promoter operative in the 
cells of a mammal and a hantavirus polynucleotide M segment encoding Gl 
and G2 from one or more hantavirus. 

12. The composition of claim 11 wherein said hantavirus is chosen from 
the group consisting of Seoul virus, Dobrava virus, Pumuula virus, 
Hantaan virus, Sin Nombre virus, Black Creek Canal virus, Bayou virus, 
New York virus, Andes virus, and Laguna Negra virus. 

13. The composition of claim 11 wherein said nucleic acid further 
comprises a sequence set forth in SEQ ID NO: 6. 

14. The composition of claim 13 wherein said hantavirus is SEOV. 

15. The composition of claim 14 wherein said nucleic acid is pWRG/SEO-M 
set forth in SEQ ID NO:l. 

16. The composition of claim 13 wherein said hantavirus is HTNV. 



17. The composition of claim 16 wherein said nucleic acid is 
PWRG/HTN-M(x) set forth in SEQ ID NO: 7. 



18. The composition of claim 13 wherein said hantavirus is ANDV. 



19. The composition of claim 18 wherein said nucleic acid is pWRG/AND-M 
set forth in SEQ ID NO: 8. 

20. The composition of claim 11 wherein the nucleic acid comprises M 
segment from two hantavirus. 

21. The composition of claim 20 wherein said two hantavirus are HTNV and 
ANDV. 



22. The composition of claim 21 wherein said nucleic acid is pWRG/HA-M 
set forth in SEQ ID NO: 9. 

23. A method for inducing a protective immune response against 
hantavirus infection in a mammal, comprising accelerating the 
composition according to claim 11 into epidermal cells of the mammal in 
vivo such that said nucleic acid is expressed. 

24 . A method for inducing a protective immune response against SEOV, 
HTNV, DOBV hantavirus infection in a mammal, comprising accelerating 
the composition according to claim 15 into epidermal cells of the mammal 
in vivo such that said nucleic acid is expressed. 

25. A method for inducing a protective immune response against HTNV, 
SEOV, and DOBV hantavirus infection in a mammal, comprising 
accelerating the composition according to claim 17 into epidermal cells 
of the mammal in vivo such that said nucleic acid is expressed. 

26. A method for inducing a protective immune response against ANDV, 
SNV, and BCCV hantavirus infection in a mammal, comprising accelerating 
the composition according to claim 19 into epidermal cells of the mammal 
in vivo such that said nucleic acid is expressed. 

27. A method for inducing a protective immune response against HTNV, 
SEOV, DOBV, ANDV, SNV, and BCCV hantavirus infection in a mammal, 
comprising accelerating the composition according to claim 22 into 
epidermal cells of the mammal in vivo such that said nucleic acid is 
expressed. 

28. A vaccine against infection with SEOV, DOBV, and HTNV hantavirus, 
said vaccine comprising the composition of claim 15. 

29. A vaccine against infection with SEOV, DOBV, and HTNV hantavirus, 
said vaccine comprising the composition of claim 17. 

30. A vaccine against infection with ANDV, SNV, and BCCV hantavirus, 
said vaccine comprising the composition of claim 19. 

31. A vaccine against infection with SEOV, HTNV, DOBV, ANDV, SNV, and 
BCCV, said vaccine comprising the composition of claim 22. 

32. A multivalent vaccine for protection against infection with more 
than one HFRS hantavirus comprising a composition of matter comprising 
an inert particle having a nucleic acid coated onto said particle, said 
nucleic acid comprising two or more hantavirus M segments from different 
hantaviruses, each M segment encoding Gl and G2 from its respective 
hantavirus, operatively linked to a promoter active in cells of a 
mammal . 



33. The multivalent vaccine of claim 32 wherein said hantaviruses are 
chosen from the group SEOV, PUUV, HTNV and DOBV. 

34. A multivalent vaccine for protection against infection with more 
than one HFRS hantavirus comprising a composition of matter comprising 
two or more inert particles, each said particle having a nucleic acid 
coated onto, said nucleic acid comprising a hantavirus M segment from 
HFRS-associated hantavirus encoding Gl and G2 and operatively linked to 
a promoter active in cells of a mammal, wherein said M segment is chosen 
from different hantaviruses. 



35. The multivalent vaccine according to claim 34 wherein said 
hantaviruses are chosen from the group consisting of HTNV, DOBV, PUUV 
and SEOV. 



36. A multivalent vaccine for protection against infection with more 
than one HPS hantavirus comprising a composition of matter comprising 
an inert particle having a nucleic acid coated onto said particle, said 
nucleic acid comprising two or more hantavirus M segments from different 
HPS-associated hantaviruses, each M segment encoding Gl and G2 from its 
respective hantavirus, operatively linked to a promoter active in cells 
of a mammal. 



37. The multivalent vaccine according to claim 36 wherein said 
hantavirus is chosen from the group consisting of ANDV, SNV, and BCCV. 

38. A multivalent vaccine for protection against infection with more 
than one HPS hantavirus comprising a composition of matter comprising 
two or more inert particles, each said particle having a nucleic acid 
coated onto, said nucleic acid comprising a hantavirus M segment from 
HPS-associated hantavirus encoding Gl and G2 and operatively linked to a 
promoter active in cells of a mammal, wherein said M segment is chosen 
from different hantaviruses. 



39. The multivalent vaccine according to claim 38 wherein said 
hantavirus is chosen from the group consisting of ANDV, SNV, and BCCV. 

40. A multivalent vaccine for protection against infection with more 
than one HFRS and HPS hantavirus comprising a composition of matter 
comprising two or more inert particles, each said particle having a 
nucleic acid coated onto, said nucleic acid comprising a hantavirus M 
segment encoding Gl and G2 and operatively linked to a promoter active 
in cells of a mammal, wherein said M segment is chosen from different 
hantaviruses including at least one HPS-associated hantavirus and at 
least one HFRS-associated hantavirus. 



41. The multivalent vaccine of claim 40 wherein said hantaviruses are 
chosen from the group consisting of ANDV, HTNV, and SEOV. 

42. A multivalent vaccine for protection against infection with more 
than one HFRS and HPS hantavirus comprising a composition of matter 
comprising an inert particle having two or more nucleic acids coated 
onto said particle, each said nucleic acids comprising a hantavirus M 
segment encoding Gl and G2 and operatively linked to a promoter active 
in cells of a mammal, wherein said M segment is chosen from different 
hantaviruses including at least one HPS-associated hantavirus and at 
least one HFRS-associated hantavirus. 



43. The multivalent vaccine of claim 42 wherein said hantaviruses are 
chosen from the group consisting of ANDV, HTNV, and SEOV. 

44. A composition comprising polyclonal antobodies from a population of 
vaccinees vaccinated with a DNA vaccine comprised of a plasmid 
expressing a hantavirus M gene segment. 

45. The composition of claim 44 wherein said hantavirus is chosen from 
the group consisting of Seoul virus, Dobrava virus, Pumuula virus, 
Hantaan virus, Sin Nombre virus, Black Creek Canal virus, Bayou virus, 
New York virus, Andes virus, and Laguna Negra virus. 

46. The composition of claim 44 wherein said vaccine comprises 
pWRG/SEO-M. 

47. The composition of claim 44 wherein said vaccine comprises 
pWRG/HTN-M(x) . 

48. The composition of claim 44 wherein said vaccine comprises 
pWRG/AND-M. 

49. The composition of claim 44 wherein said vaccine comprises 
pWRG/HA-M. 

50. The composition of claim 44 wherein said composition inhibits 
hantavirus infection in a subject in vivo. 

51. The composition of claim 50 wherein said subject is mammalian. 

51. The composition of claim 4 4 wherein said composition ameliorates 
symptoms of hantavirus infection when said composition is administered 
to a subject after infection with hantavirus. 

52. The composition of claim 51 wherein said subject is mammalian. 

53. The composition of claim 44 wherein said polyclonal antibodies 
neutralize hantavirus in vitro. 



54. A therapeutic composition for ameliorating symptoms of hantavirus 
infection comprising the composition of claim 44, and a pharmaceutically 
acceptable excipient. 

55. A passive vaccine against hantavirus infection comprising the 
composition of claim 44. 

56. An anti-hantavirus composition, comprising polyclonal antibodies 
from a vaccinee vaccinated with a DNA vaccine comprising the M gene 



hantavirus infection, and a pharmaceutically acceptable carrier. 

57. A method of treating hantavirus infection comprising administering 
to a patient in need of said treatment an effective amount of a 
composition according to claim 54 . 

58. A method for detecting hantavirus infection comprising contacting a 
sample from a subject suspected of having hantavirus infection with a 
antibody according to claim 4 4 and detecting the presence or absence by 
detecting the presence or absence of a complex formed between the 
hantavirus antigens and antibodies specific therefor. 

59. A method for the diagnosis of hantavirus infection comprising the 
steps of: (i) contacting a sample from an individual suspected of 
having hantavirus infection with a composition according to claim 44; 
and (ii) detecting the presence or absence of hantavirus infection by 
detecting the presence or absence of a complex formed between hantavirus 
antigens and antibodies specific therefor. 

60. A hantavirus infection diagnostic kit comprising the composition of 
claim 44 and ancillary reagents suitable for use in detecting the 
presence or absence of hantavirus antigens in a sample. 
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AB In this application are described vaccinia monoclonal antibodies. Also 

provided are mixtures of antibodies of the present invention, as well as 
methods of using individual antibodies or mixtures thereof for the 
detection, prevention, and/or therapeutical treatment of vaccinia virus 
infections in vitro and in vivo. 

CLM What is claimed is: 

1. A composition comprising one or more monoclonal antibody directed 
against a vaccinia virus antigen. 

2. The composition of claim 1 wherein said vaccinia virus antigen is 
L1R. 



3. The composition of claim 1 wherein said vaccinia virus antigen is 
A33R. 



4 . The composition of claim 2 wherein said composition further comprises 
one or more monoclonal antibody directed against vaccinia A33R. 

5. The composition of claim 4 wherein said composition further comprises 
one or more monoclonal antibody directed against an antigen chosen from 
the group consisting essentially of: vaccinia H3L, D8L, B5R, A27L and 
A17L. 

6. The composition of claim 4 wherein said composition inhibits vaccinia 
virus infection in a subject in vivo. 

7. The composition of claim 6 wherein said subject is avian or 
mammalian . 



8. The composition of claim 4 wherein said composition ameliorates 
symptoms of vaccinia virus infection when said composition is 
administered to a subject after infection with vaccinia virus. 



9. The composition of claim 8 wherein said subject is avian or 
mammalian . 



10. The composition of claim 2 wherein said monoclonal antibody 
immunoprecipitates L1R in vitro. 

11. The composition of claim 3 wherein said monoclonal antibody 
immunoprecipitates A33R in vitro. 

12. A therapeutic composition for ameliorating symptoms of vaccinia 
virus infection comprising the composition of claim 4, and a 
pharmaceutically acceptable excipient. 

13. A passive vaccine against vaccinia virus infection comprising the 
composition of claim 4 . 



14. An anti-vaccinia composition, comprising one or more monoclonal 
antibodies, wherein at least two of said monoclonal antibodies are 
directed against L1R and A33R, in an amount effective for inhibiting 
vaccinia virus infection, and a pharmaceutical^ acceptable carrier. 

15. A method of treating vaccinia virus infection comprising 
administering to a patient in need of said treatment an effective amount 
of a composition according to claim 4. 

16. The composition according to claim 1 wherein said vaccinia virus 
antigen is chosen from the vaccinia strain Connaught, IHD-J, Brighton, 
WR, Lister, Copenhagen, Ankara, Dairen I, L-IPV, LC16M8, LC16M0, LIVP, 
Tian Tan, WR 65-16, Wyeth. 

17. A poxvirus monoclonal antibody composition comprising monoclonal 
antibodies against a homolog of a vaccinia antigen chosen from the group 
consisting of L1R and A33R, said poxvirus chosen from the group 
consisting of: orthopoxvirus, parapoxvirus, avipoxvirus, capripoxvirus , 
leporipoxvirus, suipoxvirus, molluscimpoxvirus , and yatapoxvirus . 
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AB Three vectors are described which allow the conversion of Fab fragments 

into or single chain Fv fragments into full-length antibody molecules. 
Methods for using the vectors and the resulting antibodies are also 
described . 

CLM What is claimed is: 

1. A DNA construct for expressing in insect cells a complete antibody 
light chain derived from the corresponding Fab fragment, comprising in 
5' to 3* order, a promoter that promotes transcription in insect cells, 
a signal sequence which directs secretion of a protein from insect 
cells, a DNA sequence which encodes the variable and constant domain of 
the antibody light chain derived from a Fab fragment and a transcription 
terminator functional in insect cells. 

2. The DNA construct of claim 1 wherein said signal sequence is a human 
signal sequence. 

3. The DNA construct of claim 2 wherein said human signal sequence is 
derived from an antibody. 

4. The DNA construct of claim 3 wherein the promoter is the baculovirus 
iel promoter. 

5. The DNA construct of claim 4 wherein the construct further provides 
restriction enzyme sites for inserting the DNA sequence encoding the 
variable and constant domain from the desired Fab fragment. 

6. The DNA construct of claim 5 wherein said construct further provides 
a selectable marker. 

7. The DNA construct of claim 5 wherein said construct is pIEI-Light. 

8. A DNA construct for expressing in insect cells a complete antibody 
heavy chain derived from the corresponding Fab fragment, comprising in 
5' to 3' order, a promoter that promotes transcription in insect cells, 
a signal sequence which directs secretion of a protein from insect 
cells, a DNA sequence which encodes the variable domain of the antibody 
heavy chain derived from an Fab fragment, a complete IgGl constant 
region and a transcription terminator functional in insect cells. 

9. The DNA construct of claim 8 wherein said signal sequence is a human 
signal sequence. 

10. The DNA construct of claim 9 wherein said human signal sequence is 
derived from an antibody. 

11. The DNA construct of claim 10 wherein the promoter is the 
baculovirus iel promoter. 



12. The DNA construct of claim 11 wherein the construct further provides 
restriction enzyme sites for inserting the DNA sequence encoding the 
variable and constant domain from the desired Fab fragment. 



provides a selectable marker. 



14. The DNA construct of claim 13 wherein said construct is pIEI-Heavy. 

15. A method for obtaining a conformational^ active IgGl antibody from 
a corresponding Fab fragment comprising: transforming insect cells with 
(i) a DNA construct for expressing in insect cells a complete antibody 
light chain derived from the corresponding Fab fragment, comprising in 
5' to 3 T order, a promoter that promotes transcription in insect cells, 

a signal sequence which directs secretion of a protein from insect 
cells, a DNA sequence which encodes the variable and constant domain of 
the antibody light chain derived from a Fab fragment and a transcription 
terminator functional in insect cells, and (ii) a DNA construct for 
expressing in insect cells a complete antibody heavy chain derived from 
the corresponding Fab fragment, comprising in 5' to 3' order, a promoter 
that promotes transcription in insect cells, a signal sequence which 
directs secretion of a protein from insect cells, a DNA sequence which 
encodes the variable domain of the antibody heavy chain derived from a 
Fab fragment, a complete IgGl constant region and a transcription 
terminator functional in insect cells, selecting transformed insect 
cells that have acquired the DNA constructs, culturing the transformed 
insect cells under conditions such that the IgGl antibody is produced 
and secreted, and isolating the IgGl antibody. 

16. The method of claim 15 wherein the DNA construct in (i) is 
pIEl -Light and the construct in (ii) is pIEI-Heavy. 

17. The method of claim 15 wherein the insect cells are TN cells. 

18. An insect cell transformed with the DNA construct pIEl-Light. 

19. An insect cell transformed with the DNA construct pIEI-Heavy. 

20. An insect cell transformed with the DNA constructs pIEl-Light and 
pIEl -Heavy. 

21. An insect cell expressing a desired antibody produced by 
transforming said insect cell with the complete the DNA constructs 
pIEl-Light and pIEI-Heavy. 

22. An IgGl antibody derived from the expression in an insect cell of 
(i) a DNA construct for expressing in insect cells a complete antibody 
light chain derived from the corresponding Fab fragment, comprising in 
5' to 3 1 order, a promoter that promotes transcription in insect cells, 
a signal sequence which directs secretion of a protein from insect 
cells, a DNA sequence which encodes the variable and constant domain of 
the antibody light chain derived from a Fab fragment and a transcription 
terminator functional in insect cells, and (ii) a DNA construct for 
expressing in insect cells a complete antibody heavy chain derived from 
the corresponding Fab fragment, comprising in 5' to 3' order, a promoter 
that promotes transcription in insect cells, a signal sequence which 
directs secretion of a protein from insect cells, a DNA sequence which 
encodes the variable domain of the antibody heavy chain derived from a 
Fab fragment, a complete IgGl constant region and a transcription 
terminator functional in insect cells. 

23. The antibody of claim 22 wherein said DNA construct in (i) is 
pIEl-Light and the DNA construct in (ii) is pIEI-Heavy. 

24. A therapeutic composition comprising the antibody of claim 23, and a 
pharmaceutically acceptable excipient. 

25. A passive vaccine against an infectious agent recognized by the 
antibody of claim 23, said vaccine comprising the antibody of claim 23. 

26. A method for detecting an infectious agent in a sample, said method 
comprising: (i) incubating the sample with an effective amount of at 
least one antibody according to claim 22, said antibody able to 
recognize said agent, under conditions which allow the formation of an 
antibody-agent complex; and (ii) detecting the antibody-agent complex 
wherein the presence or absence of the complex indicates the presence or 
absence of the agent in the sample. 

27. A method for detecting an infectious agent according to claim 26, 
wherein said sample is a biological sample. 

28. A method of treating an infection caused by an agent recognized by 
an antibody according to claim 22, comprising administering to a patient 
in need of said treatment an effective amount of a composition 
comprising one or more antibodies. 

29. A kit for detecting an infectious agent in a biological sample, said 



antibody according to claim 22 which recognizes said agent, and (2) 
instructions for using said antibody for the purpose of binding to said 
agent to form an immunological complex and detecting the formation of 
the immunological complex such that presence or absence of immunological 
complex correlates with presence or absence of said agent in said 
sample . 

30. A DNA construct for expressing in insect cells a complete antibody 
light chain derived from the corresponding single chain Fv, comprising 
in 5' to 3' order, a transcription terminator functional in insect 
cells, a human constant light chain region, a DNA sequence which encodes 
a variable domain of the antibody light chain derived from a single 
chain Fv fragment, a signal sequence which directs secretion of a 
protein from insect cells, and a promoter that promotes transcription in 
insect cells. 

31. The DNA construct of claim 30 wherein said human constant light 
chain region is a lambda light chain. 

32. The DNA construct of claim 30 wherein said human constant light 
chain region is a kappa light chain. 

33. The DNA construct of claim 31 wherein said signal sequence is a 
human signal sequence. 

34 . The DNA construct of claim 33 wherein said promoter is a plO 
promoter . 

35. The DNA construct of claim 34 further providing enzyme restriction 
sites convenient for inserting the desired human light chain variable 
region . 

36. The DNA construct of claim 35 wherein said construct is pAc-V-Light. 

37. A method for obtaining a conformationally active IgGl antibody from 
a corresponding single chain Fv antibody fragment comprising: producing 
a complete chimeric light chain gene by inserting the light chain 
variable region from scFv 3' to a constant domain for lambda light 
chain, transforming insect cells with: (i) a DNA construct comprising 
the complete chimeric light chain gene, a human constant light chain 
region, a signal sequence which directs secretion of a protein from 
insect cells, a promoter that promotes transcription in insect cells, 
and a transcription terminator functional in insect cells, and (ii) a 
DNA construct for expressing in insect cells a complete antibody heavy 
chain derived from the corresponding Fab fragment, comprising in 5* to 
3 1 order, a promoter that promotes transcription in insect cells, a 
signal sequence which directs secretion of a protein from insect cells, 

a DNA sequence which encodes the variable domain of the antibody heavy 
chain derived from a Fab fragment, a complete IgGl constant region and a 
transcription terminator functional in insect cells, selecting 
transformed insect cells that have acquired the DNA constructs, 
culturing the transformed insect cells under conditions such that the 
IgGl antibody is produced and secreted, and isolating the IgGl 
antibody. 

38. The method of claim 37 wherein said producing of complete light 
chain is by insertion of the variable region from scFv into a DNA 
construct pAc-V-Light. 

39. The method of claim 38 wherein the insect cells are TN cells. 

40. An insect cell transformed with the DNA construct containing the 
complete light chain produced from scFv and pIEl-Heavy. 

41. An insect cell expressing a desired antibody produced by 
transforming said insect cell with DNA construct containing the complete 
light chain produced from scFv and pIEl-Heavy. 

42. An IgGl antibody derived from the expression in an insect cell of 
(i) a DNA construct for expressing in insect cells a complete antibody 
light chain derived from the corresponding single chain Fv, comprising 
in 5 1 to 3* order, a human constant light chain region, a DNA sequence 
which encodes a partial variable domain of the antibody light chain 
derived from a single chain Fv fragment, a signal sequence which directs 
secretion of a protein from insect cells, a promoter that promotes 
transcription in insect cells, and a transcription terminator functional 
in insect cells, and (ii) a DNA construct for expressing in insect 
cells a complete antibody heavy chain derived from the corresponding Fab 
fragment, comprising in 5' to 3 1 order, a promoter that promotes 
transcription in insect cells, a signal sequence which directs secretion 
of a protein from insect cells, a DNA sequence which encodes the 
variable domain of the antibody heavy chain derived from an Fab 



functional in insect cells. 



43. The antibody of claim 42 wherein said DNA construct in (i) is 
pAc-V-Light and the DNA construct in (ii) is pIEl-Heavy. 

44. A therapeutic composition comprising the antibody of claim 43, and a 
pharmaceutical^ acceptable excipient. 

45. A passive vaccine against an infectious agent recognized by the 
antibody of claim 43, said vaccine comprising the antibody of claim 43. 

46. A method for detecting an infectious agent in a sample, said method 
comprising: (i) incubating the sample with an effective amount of at 
least one antibody according to claim 43, said antibody able to 
recognize said agent, under conditions which allow the formation of an 
antibody-agent complex; and (ii) detecting the antibody-agent complex 
wherein the presence or absence of the complex indicates the presence or 
absence of the agent in the sample. 

47. A method for detecting an infectious agent according to claim 46, 
wherein said sample is a biological sample. 

48. A method of treating an infection caused by an agent recognized by 
an antibody according to claim 43, comprising administering to a patient 
in need of said treatment an effective amount of a composition 
comprising one or more antibodies. 

49. A kit for detecting an infectious agent in a biological sample, said 
kit comprising: (1) a container holding at least one monoclonal 
antibody according to claim 43 which recognizes said agent, and (2) 
instructions for using said antibody for the purpose of binding to said 
agent to form an immunological complex and detecting the formation of 
the immunological complex such that presence or absence of immunological 
complex correlates with presence or absence of said agent in said 
sample . 

50. A kit for obtaining a conf ormationally active IgGl antibody from a 
corresponding single chain Fv antibody fragment comprising: (i) a DNA 
construct for expressing in insect cells a complete antibody light chain 
derived from the corresponding single chain Fv, comprising in 5' to 3' 
order, a transcription terminator functional in insect cells, a human 
constant light chain region, a DNA sequence which encodes a variable 
domain of the antibody light chain derived from a single chain Fv 
fragment, a signal sequence which directs secretion of a protein from 
insect cells, a promoter that promotes transcription in insect cells, 
(ii) a DNA construct for expressing in insect cells a complete antibody 
heavy chain derived from the corresponding Fab fragment, comprising in 
5' to 3 1 order, a promoter that promotes transcription in insect cells, 

a signal sequence which directs secretion of a protein from insect 
cells, a DNA sequence which encodes the variable domain of the antibody 
heavy chain derived from an Fab fragment, a complete IgGl constant 
region and a transcription terminator functional in insect cells. 

51. The kit of claim 50 further comprising pAc-V-Light for producing the 
complete light chain. 

52. The kit of claim 51 wherein said DNA construct in (ii) is 
pIEl-Heavy . 

53. A kit for obtaining a conformationally active IgGl antibody from a 
corresponding Fab fragment comprising: (i) a DNA construct for 
expressing in insect cells a complete antibody light chain derived from 
the corresponding Fab fragment, comprising in 5' to 3* order, a promoter 
that promotes transcription in insect cells, a signal sequence which 
directs secretion of a protein from insect cells, a DNA sequence which 
encodes the variable and constant domain of the antibody light chain 
derived from a Fab fragment and a transcription terminator functional in 
insect cells, and (ii) a DNA construct for expressing in insect cells a 
complete antibody heavy chain derived from the corresponding Fab 
fragment, comprising in 5 T to 3' order, a promoter that promotes 
transcription in insect cells, a signal sequence which directs secretion 
of a protein from insect cells, a DNA sequence which encodes the 
variable domain of the antibody heavy chain derived from an Fab 
fragment, a complete IgGl constant region and a transcription terminator 
functional in insect cells. 

54. The kit of claim 53 wherein said DNA construct in (i) is pIEl-Light 
and said DNA construct in (ii) is pIEl-Heavy. 
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AB In this application is described a poxvirus naked DNA vaccine which 

protects animals against poxvirus challenge comprising IMV and EEV 
nucleic acids from poxvirus. Methods of use of the vaccine and its 
advantages are described. 

CLM What is claimed is: 

1. A DNA vaccine against poxviruses comprising at least one nucleic 
acids encoding an intracellular mature virion antigen and at least one 
nucleic acid encoding an extracellular enveloped virion antigen of a 
poxvirus . 

2. The DNA vaccine of claim 1 wherein said poxvirus is chosen from the 
group consisting of: variola virus, monkeypox virus, cowpox virus, orf 
virus, paravaccinia virus, Tanapoxvirus , Yabapoxvirus and Molluscum 
contagiosum 

3. The vaccine of claim 1 wherein said poxvirus is vaccinia. 

4. The vaccine of claim 3 wherein said intracellular mature virion 
antigen is chosen from the group consisting of: L1R and A27L or a 
homolog thereof . 

5. The vaccine of claim 3 wherein said extracellular mature virion 
antigen is chosen from the group consisting of: A33R and B5R or a 
homolog thereof . 

6. A method for inducing in a subject an immune response against 
poxvirus infection comprising administering to said subject an 
immunologically effective amount of at least one nucleic acid encoding 
an intracellular mature virion antigen and at least one nucleic acid 
encoding an extracellular mature virion antigen of said poxvirus in an 
acceptable diluent. 

7. A composition of matter comprising a carrier particle; and a DNA 
sequence coated onto the carrier particle, the DNA sequence comprising a 
promoter operative in the cells of a mammal and a protein coding region 
coding for a poxvirus antigen chosen from the group consisting of: IMV 
or EEV antigen . 

8. The composition of claim 7 wherein said IMV poxvirus antigen is 
selected from the group consisting of L1R and A27L. 

9. The composition of claim 7 wherein said EEV posvirus antigen is 
selected from the group consisting of A33R and B5R. 

10. A vaccine comprising a composition of matter according to claim 8 
and a composition of matter according to claim 9. 

11. A method for inducing a protective immune response to a poxvirus in 
a mammal, comprising (i) preparing a nucleic acid encoding an antigen 
of poxvirus operatively linked to a promoter operative in cells of a 
mammal; (ii) coating the nucleic acid in (i) onto carrier particles; 
(iii) accelerating the coated carrier particles into epidermal cells of 
the mammal in vivo; and (iv) detecting a protective immune response in 
said mammal upon exposure to a poxvirus. 

12. The method according to claim 11 wherein the carrier particles are 
gold . 

13. The method according to claim 11 wherein the antigen is chosen from 
the group consisting of IMV antigen and EEV antigen 

14. The method according to claim 11 wherein said poxvirus is VACV. 

15. A multivalent vaccine for protection against infection with more 
than one poxvirus comprising a composition of matter comprising a 
carrier particle having one or more DNA sequence coated onto the carrier 
particle, the DNA sequence comprising a promoter operative in the cells 
of a mammal and a nucleic acid coding for an antigen, said antigen 
selected from the group consisting of an IMV antigen and an EEV antigen, 
of a first poxvirus said poxvirus selected from the group consisting of 
Orthopoxvirus, Parapoxvirus , Caripoxvirus, Suipoxvirus, Leporipoxvirus, 
Avipoxvirus, Yatapoxvirus, Molluscipoxvirus , macropod poxvirus, and 
crocodilian poxvirus. 



16. The multivalent vaccine of claim 15, further comprising a 



sequence coated onto the carrier particle, the DNA sequence comprising a 
promoter operative in the cells of a mammal a nucleic acid coding for an 
antigen, said antigen selected from the group consisting of IMV antigen 
and EEV antigen, of a second poxvirus different from said first 
poxvirus, said second poxvirus selected from the group consisting of 
Orthopoxvirus, Parapoxvirus, Caripoxvirus, Suipoxvirus, Leporipoxvirus, 
Avipoxvirus, Yatapoxvirus, Molluscipoxvirus, macropod poxvirus, and 
crocodilian poxvirus, wherein the nucleic acid coding for an IMV antigen 
is not on the same carrier particle as the nucleic acid coding for an 
EEV antigen. 
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AB Seoul virus (SEOV) is one of four known hantaviruses causing hemorrhagic 

fever with renal syndrome (HFRS). Candidate naked DNA vaccines for HFRS 
were constructed by subcloning cDNA representing the medium (M) 
(encoding the Gl and G2 glycoproteins) or small (S) (encoding the 
nucleocapsid protein) genome segment of SEOV into the DNA expression 
vector pWRG7077. We vaccinated BALB/c mice with three doses of the M or 
S DNA vaccine at 4 -week intervals by either gene gun inoculation of the 
epidermis, or needle inoculation into the gastrocnemius muscle. Both 
routes of vaccination resulted in antibody responses as measured by 
ELISA; however, gene gun inoculation elicited a higher frequency of 
seroconversion, and higher levels of antibodies in individual mice. We 
vaccinated Syrian hamsters with the M or S construct using the gene gun 
and found hantavirus-specif ic antibodies in 5/5 and 4/5 hamsters, 
respectively. Animals vaccinated with the M construct developed a 
neutralizing antibody response which was greatly enhanced in the 
presence of guinea pig complement. Immunized hamsters were challenged 
with SEOV and, after 28 days, were monitored for evidence of infection. 
Hamsters vaccinated with M were protected from infection, but hamsters 
vaccinated with S were not protected. 

CLM What is claimed is: 

1. A composition of matter comprising a carrier particle; and a DNA 
sequence coated onto the carrier particle, the DNA sequence comprising a 
promoter operative in the cells of a mammal and a protein coding region 
coding for a determinant of a hantavirus protein. 

2. The composition of claim 1 wherein said protein coding region encodes 
a protein selected from the group consisting of M gene segment proteins 
and S gene segment proteins. 

3. The composition of claim 1 wherein said hantavirus is chosen from the 
group consisting of Seoul virus, Dobrava virus, Pumuula virus, Hantaan 
virus, Sin Nombre virus, Black Creek Canal virus, Bayou virus, New York 
virus, Andes virus, and Laguna Negra virus. 

4. The composition of claim 3 wherein said hantavirus is Seoul virus. 

5. The composition of claim 4 wherein the protein coding region 
comprises SEQ ID NO:l. 

6. The composition of claim 4 wherein the protein coding region 
comprises SEQ ID NO: 2. 

7. The composition of claim 1, wherein said DNA sequence comprises 
pWRG-SEO-M. 

8. The composition of claim 1, wherein said DNA sequence comprises 
pWRG-SEO-S. 

9. A method for inducing a protective immune response to a hantavirus 
protein in a mammal, comprising (i) preparing a nucleic acid encoding a 
determinant of a hantavirus protein operatively linked to a promoter 
operative in cells of a mammal; (ii) coating the nucleic acid in (i) 
onto carrier particles; (iii) accelerating the coated carrier particles 
into epidermal cells of the mammal in vivo; and (iv) detecting a 
protective immune response in said mammal upon exposure to a hantavirus. 

10. The method according to claim 9 wherein the carrier particles are 
gold . 



11. The method according to claim 9 wherein the protein determinant is 
chosen from the group consisting of M genome segment proteins and S 



12. The method according to claim 9 wherein said hantavirus is chosen 
from the group consisting of Seoul virus, Dobrava virus, Pumuula virus, 
Hantaan virus, Sin Nombre virus, Black Creek Canal virus, Bayou virus, 
New York virus, Andes virus, and Laguna Negra virus. 

13. The method of claim 12 wherein said hantavirus is Seoul virus. 

14 . The method according to claim 13 wherein said nucleic acid comprises 
SEQ ID N0:1- 

15. The method according to claim 13 wherein said nucleic acid comprises 
SEQ ID NO: 2. 

16. The method according to claim 13 wherein said nucleic acid comprises 
SEQ ID NO: 1 and SEQ ID NO: 2. 

17. A method for inducing a protective immune response to a hantavirus 
infection in a mammal comprising (i) preparing a nucleic acid encoding 
a determinant of a first hantavirus protein operatively linked to a 
promoter operative in cells of a mammal; (ii) coating the nucleic acid 
in (i) onto carrier particles; (iii) accelerating the coated carrier 
particles into epidermal cells of the mammal in vivo; and (iv) 
detecting an immune response in said mammal upon a exposure to a second 
hantavirus . 

18. The method according to claim 17 wherein said first hantavirus is 
SEOV. 

19. The method according to claim 18 wherein said second hantavirus is 
Dobrava virus. 

20. The method according to claim 18 wherein said second hantavirus is 
Hantaan virus. 

21. The method according to claim 16 wherein said nucleic acid is 
selected from the group consisting of SEQ ID NO:l and SEQ ID NO: 2. 

22. A vaccine against hantavirus infection comprising the composition of 
claim 3. 

23. A vaccine against hantavirus infection comprising the composition of 
claim' 4 . 

24 . A vaccine against hantavirus infection comprising the composition of 
claim 5. 

25. A vaccine against hantavirus infection comprising the composition of 
claim 6. 

26. A multivalent vaccine for protection against infection with more 
than one hantavirus comprising a composition of matter comprising a 
carrier particle having one or more DNA sequence coated onto the carrier 
particle, the DNA sequence comprising a promoter operative in the cells 
of a mammal and a protein coding region coding for a determinant of a 
first hantavirus protein said hantavirus selected from the group 
consisting of SEOV, Dobrava, Pumuula, Hantaan, Sin Nombre virus, Black 
Creek Canal virus, Bayou virus, New York virus, Andes virus, and Laguna 
Negra virus. 

27. The multivalent vaccine of claim 26, further comprising a 
composition comprising a carrier particle having one or more DNA 
sequence coated onto the carrier particle, the DNA sequence comprising a 
promoter operative in the cells of a mammal and a protein coding region 
coding for a determinant of a second hantavirus different from said 
first hantavirus, said second hantavirus selected from the group 
consisting of Seoul virus, Dobrava virus, Pumuula virus, Hantaan virus, 
Sin Nombre virus, Black Creek Canal virus, Bayou virus, New York virus, 
Andes virus, and Laguna Negra virus. 
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AB In this application are described vaccinia monoclonal antibodies. Also 



methods of using individual antibodies or mixtures thereof for the 
detection, prevention, and/or therapeutical treatment of vaccinia virus 
infections in vitro and in vivo. 
CLM What is claimed is: 

1. A composition comprising one or more monoclonal antibody directed 
against a vaccinia virus antigen. 

2. The composition of claim 1 wherein said vaccinia virus antigen is 
L1R. 

3. The composition of claim 1 wherein said vaccinia virus antigen is 
A33R. 

4 . The composition of claim 2 wherein said composition further comprises 
one or more monoclonal antibody directed against vaccinia A33R. 

5. The composition of claim 4 wherein said composition further comprises 
one or more monoclonal antibody directed against an antigen chosen from 
the group consisting essentially of: vaccinia H3L, D8L, B5R, A27L and 
A17L. 

6. The composition of claim 4 wherein said composition inhibits vaccinia 
virus infection in a subject in vivo. 

7. The composition of claim 6 wherein said subject is avian or 
mammalian. 

8. The composition of claim 4 wherein said composition ameliorates 
symptoms of vaccinia virus infection when said composition is 
administered to a subject after infection with vaccinia virus. 

9. The composition of claim 8 wherein said subject is avian or 
mammalian. 

10. The composition of claim 2 wherein said monoclonal antibody 
immunoprecipitates L1R in vitro. 

11. The composition of claim 3 wherein said monoclonal antibody 
immunoprecipitates A33R in vitro. 

12. A therapeutic composition for ameliorating symptoms of vaccinia 
virus infection comprising the composition of claim 4, and a 
pharmaceutically acceptable excipient. 

13. A passive vaccine against vaccinia virus infection comprising the 
composition of claim 4 . 

14. An anti-vaccinia composition, comprising one or more monoclonal 
antibodies , wherein at least two of said monoclonal antibodies are 
directed against L1R and A33R, in an amount effective for inhibiting 
vaccinia virus infection, and a pharmaceutically acceptable carrier. 

15. A method of treating vaccinia virus infection comprising 
administering to a patient in need of said treatment an effective amount 
of a composition according to claim 4. 

16. The composition according to claim 1 wherein said vaccinia virus 
antigen is chosen from the vaccinia strain Connaught, IHD-J, Brighton, 
WR, Lister, Copenhagen, Ankara, Dairen I, L-IPV, LC16M8, LC16MO, LIVP, 
Tian Tan, WR 65-16, Wyeth. 

17. A poxvirus monoclonal antibody composition comprising monoclonal 
antibodies against a homolog of a vaccinia antigen chosen from the group 
consisting of L1R and A33R, said poxvirus chosen from the group 
consisting of: orthopoxvirus, parapoxvirus, avipoxvirus, capripoxvirus, 
leporipoxvirus, suipoxvirus, molluscimpoxvirus , and yatapoxvirus . 
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AB Particle mediated immunization of tick-borne flavivirus genes confers 

homologous and heterologous protection against tick borne encephalitis. 

CLM What is claimed is: 

1. A method for inducing a protective immune response to a tick-borne 



encoding an antigenic determinant of a tick-borne flavivirus prM/E 
protein operatively linked to a CMV promoter operative in cells of a 
mammal, which nucleic acid is suitable for stably producing the 
antigenic determinant in a mammal; (ii) coating the nucleic acid in (i) 
onto carrier particles; (iii) accelerating the coated carrier particles 
into epidermal cells of the mammal in vivo; and (iv) inducing a 
protective immune response in said mammal upon exposure to a tick-borne 
flavivirus . 

2. The method according to claim 1 wherein the carrier particles are 
gold . 

3. The method according to claim 1 wherein the tick-borne flavivirus 
prM/E protein is selected from the group consisting of Russian spring 
summer encephalitis prM/E proteins, and Central European encephalitis 
prM/E proteins. 

4 . The method according to claim 1 wherein the nucleic acid encodes a 
protein coding region comprising SEQ ID NO:l. 

5. A method for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising (i) preparing a nucleic acid 
encoding an antigenic determinant of a Russian spring summer 
encephalitis tick-borne flavivirus prM/E protein operatively linked to a 
promoter operative in cells of a mammal, which nucleic acid encodes a 
protein coding region comprising SEQ ID NO: 2 and is suitable for stably 
producing the antigenic determinant in a mammal; (ii) coating the 
nucleic acid in (i) onto carrier particles; (iii) accelerating the 
coated carrier particles into epidermal cells of the mammal in vivo; and 
(iv) inducing a protective immune response in said mammal upon exposure 
to a tick-borne flavivirus. 

6. The method according to claim 1 wherein the nucleic acid encodes a 
protein coding region comprising SEQ ID NO: 1 and SEQ ID NO: 2. 

7 . A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: (a) 
a nucleic acid encoding an antigenic determinant of a tick-borne 
flavivirus prM/E protein operatively linked to a CMV promoter operative 
in cells of a mammal, which nucleic acid is suitable for stably 
producing the antigenic determinant in a mammal; (b) one or both of a 
coating solution and/or components of a coating solution; and (c) 
carrier particles . 

8. The kit of claim 7, wherein the tick-borne flavivirus prM/E protein 
is selected from the group consisting of Russian spring summer 
encephalitis prM/E proteins, and Central European encephalitis prM/E 
proteins . 

9. The kit of claim 7, wherein the nucleic acid encodes a protein coding 
region comprising SEQ ID N0:1. 

10. The kit of claim 7, wherein the nucleic acid encodes a protein 
coding region comprising SEQ ID N0:1 and SEQ ID NO: 2. 

11. A kit for inducing a protective immune response to a tick-borne 
flavivirus protein in a mammal, comprising packaged in association: (a) 
a nucleic acid encoding an antigenic determinant of a Russian spring 
summer encephalitis tick-borne flavivirus prM/E protein operatively 
linked to a promoter operative in cells of a mammal which nucleic acid 
encodes a protein coding region comprising SEQ ID NO: 2 and is suitable 
for stably producing the antigenic determinant in a mammal; (b) one or 
both of a coating solution and/or components of a coating solution; and 
(c) carrier particles. 
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for filovirus. 

Haynes, Joel R., Fort Collins, CO, United States 
Schmaljohn, Connie S., Frederick, MD, United States 
Fuller, Deborah L., Oregon, WI, United States 
Schmaljohn, Alan, Frederick, MD, United States 
Jahrling, Peter B., Middletown, MD, United States 

PowerJect Vaccines Inc., Madison, WI, United States (U.S. corporation) 
US 6200959 Bl 20010313 

APPLICATION: US 1996-760615 19961204 (8) 
DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An approach to genetic vaccine methodology is described. A genetic 

construction encoding antigenic determinants of a filovirus is 
transfected into cells of the vaccinated individuals using a particle 



cells to produce an immune response to those antigens. 
CLM What is claimed is: 

1. A method of inducing an immune response to a Marburg or Ebola virus 
glycoprotein in a mammal, said method comprising: (a) providing a 
genetic construction comprising a promoter operative in cells of the 
mammal and a coding region for a determinant of the glycoprotein, the 
genetic construction not comprising sequences necessary for replication 
of the virus; (b) coating copies of the genetic construction onto 
carrier particles small in size in relation to the size of the cells of 
the mammal; and (c) accelerating the coated carrier particles into 
epidermal cells of the mammal in vivo, thereby inducing an immune 
response against the glycoprotein. 

2. A method as claimed in claim 1 wherein the carrier particles are 
accelerated by a gaseous pulse in order to accelerate the carrier 
particles toward the mammal. 

3. A method as claimed in claim 1 wherein the protein coding region 
encodes a glycoprotein selected from the group consisting of Ebola Zaire 
virus gpl25, Marburg Musoke virus gpl70,and Marburg Ravn virus 
glycoprotein. 

4 . A method as claimed in claim 1 wherein the protein coding region 
comprises SEQ ID NO: 1. 

5. A method as claimed in claim 1 wherein the protein coding region 
comprises SEQ ID NO: 3. 

6. A method as claimed in claim 1 wherein the protein coding region 
comprises SEQ ID NO: 5. 

7 . A composition of matter comprising a carrier particle and a genetic 
construction coated onto the carrier particle, wherein the genetic 
construction comprises a promoter operative in the cells of a mammal and 
a coding region for a determinant of a Marburg or Ebola virus 
glycoprotein . 

8. A composition as claimed in claim 7 wherein the protein coding region 
encodes a glycoprotein selected from the group consisting of Ebola Zaire 
virus gp!25, Marburg Musoke virus gpl70, and Marburg Ravn virus 
glycoprotein . 

9. A composition as claimed in claim 7 wherein the protein coding region 
comprises SEQ ID NO: 1. 

10. A composition as claimed in claim 7 wherein the protein coding 
region comprises SEQ ID NO: 3. 

11. A composition as claimed in claim 7 wherein the protein coding 
region comprises SEQ ID No. 5. 
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Schmaljohn, Connie S., Frederick, MD, United States 

McClain, David J., Frederick, MD, United States 

Dalrymple, deceased, Joel, late of Myersville, MD, United States by Lonnie 
Dalrymple, Legal Representative 

The United States of America as represented by the Secretary of the Army, 
Washington, DC, United States (U.S. government) 
US 5614193 19970325 

APPLICATION: US 1994-218943 19940328 (8) 
DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Vaccine formulations for inducing protective immune response to 

Hantaviruses in humans are disclosed. These formulations include an 
attenuated vaccinia virus vector containing cDNA's encoding Hantavirus 
nucleocapsid N protein, Gl and G2 glycoproteins. Methods for the use of 
these formulations also are disclosed. 

CLM What is claimed is: 

1. A vaccine formulation suitable for use in a human, comprising: (i) 
infectious vaccinia virus that comprises a DNA molecule encoding (a) the 
Hantaan virus polypeptides designated N, Gl and G2, and (b) all vaccinia 
virus polypeptides necessary for replication of said virus in a cell 
derived from said human, but not a functional thymidine kinase; and {ii) 
a pharmaceutically-acceptable carrier, excipient or diluent, wherein 
said vaccine formulation comprises a single dose of 5*10$ to 

7xi07 plaque forming units of vaccinia virus. 

2. The vaccine formulation according to claim 1, wherein the nucleotide 
sequence encoding said Gl polypeptide and said G2 polypeptide is 
operably linked to the vaccinia virus 7.5 kD promoter, and wherein the 



the vaccinia virus 11 kD promoter. 



3. The vaccine formulation according to claim 1, wherein said Gl has the 
sequence {SEQ ID NO: 1): ##STR6H said G2 has the sequence ( SEQ ID NO: 
2): #ffSTR7ff# and said N has the sequence (SEQ ID NO: 3): ##STR8## 

4 . The vaccine formulation according to claim 3, wherein said DNA 
molecule comprises a wild-type vaccinia virus genome with the cDNA of 
the M and S genomic segments of the Hantaan serotype inserted in the 
vaccinia virus thymidine kinase coding region. 

5. The vaccine formulation according to claim 4, wherein said cDNA 
comprises the sequence { SEQ ID NO: 4}: ff#STR9#ff and {SEQ ID NO: 5): 
##STR10## 



6. The vaccine formulation according to claim 1, wherein said single 
dose comprises 5*105 to 7x107 plaque-forming 
units . 



7. The vaccine formulation according to claim 1, wherein said single 
dose comprises 5*10 5 to 1><106 plaque-forming 
units . 



8. The vaccine formulation according to claim 1, wherein said single 
dose comprises 5*10 5 to plaque-forming units. 

9. The vaccine formulation according to claim 1, wherein said single 
dose comprises 3.4x107 plaque-forming units. 

10. The vaccine formulation according to claim 9, wherein said 
pharmaceutically-acceptable carrier, excipient or diluent further 
comprises lactose and human serum albumin. 

11. The vaccine formulation according to claim 10, wherein said lactose 
is 5% (w/v) of said formulation and said human serum albumin is 1% (w/v) 
of said formulation. 

12. The vaccine formulation according to claim 11, wherein said 
formulation further comprises neomycin of no more than 25 ng per 
single dose of said formulation. 



13. The vaccine formulation according to claim 12, wherein said single 
dose of said formulation is in a volume of 0.1 to 1.0 ml. 



14. The vaccine formulation according to claim 1, wherein said 
formulation is in a form suitable for a route of administration selected 
from the group consisting of subcutaneous, intramuscular and 
intradermal . 



15. A method for inducing a Hantavirus-protective immune response in a 
human, comprising the steps of: (i) providing a vaccine formulation 
suitable for use in a human comprising (a) infectious vaccinia virus 
activity and comprising a DNA molecule encoding (1) the Hantaan virus 
polypeptides designated N, Gl and G2, and (2) all vaccinia virus 
polypeptides necessary for replication of said virus in a cell derived 
from said human, but not a functional thymidine kinase; and (b) a 
pharmaceutically-acceptable carrier, excipient or diluent, and (ii) 
administering said vaccine formulation to said human, wherein a single 
dose of said vaccine formulation comprises 5x105 to 

7xio? plaque forming units of vaccinia virus. 

16. The method according to claim 15, wherein the nucleotide sequence 
encoding said Gl polypeptide and said G2 polypeptide is operably linked 
to the vaccinia virus 7.5 kD promoter, and wherein the nucleotide 
sequence encoding said N polypeptide is operably linked to the vaccinia 
virus 11 kD promoter. 

17. The method according to claim 16, wherein said Gl has the sequence 
(SEQ ID NO: 1): #ffSTRll## said G2 has the sequence (SEQ ID NO: 2): 
HSTR12## and said N has the sequence (SEQ ID NO: 3): ff #STR13ff # 

18. The method according to claim 17, wherein said DNA molecule 
comprises a wild-type vaccinia virus genome with the cDNA of the M and S 
genomic segments of the Hantaan serotype inserted in the vaccinia virus 
thymidine kinase coding region. 

19. The method according to claim 18, wherein said cDNA comprises the 
sequence: ( SEQ ID NO: 4): ##STR14## and (SEQ ID NO: 5): ##STR15ffff 

20. The method according to claim 15, wherein said single dose comprises 
5xiQ5 to 7x107 plaque-forming units. 



5x105 to 1><106 plaque-forming units. 

22. The method according to claim 15, wherein said single dose comprises 
5*10 5 plaque-forming units. 

23. The method according to claim 15, wherein said single dose comprises 
3. 4x107 plaque-forming units. 

24. The method according to claim 23, wherein said pharmaceutically- 
acceptable carrier, excipient or diluent further comprises lactose and 
human serum albumin. 

25. The method according to claim 24, wherein said lactose is 5% (w/v) 
of said formulation and said human serum albumin is 1% {w/v) of said 
formulation. 

26. The method according to claim 25, wherein said formulation further 
comprises neomycin of no more than 25 u,g per single dose of said 
formulation . 

27. The method according to claim 26, wherein said single dose of said 
formulation is in a volume of 0.1 to 1.0 ml. 

28. The method according to claim 27, wherein said administering is by a 
route selected from the group consisting of subcutaneous, intramuscular 
and intradermal. 
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94:26451 Nucleotide sequences encoding the expression of a Hantaan virus 
nucleocapsid protein and Gl and G2 glycoproteins. 
Dalrymple, Joel M. , Myersville, MD, United States 
Schmaljohn, Connie S., Frederick, MD, United States 

The United States of America as represented by the Secretary of the Army, 
Washington, DC, United States (U.S. government) 
US 5298423 19940329 

APPLICATION: US 1991-799479 19911114 (7} 
DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Nucleotide sequences coding for Hantaan virus nucleocapsid protein and 

glproteins Gl and G2 can be used to produce these proteins for vaccine 
and diagnostic applications. 

CLM What is claimed is: 

1. A vector comprising a nucleotide molecule selected from the group 
consisting of a nucleotide molecule coding for a Hantaan virus 
nucleocapsid N protein and a nucleotide molecule coding for a precursor 
of Hantaan virus Gl and G2 glycoproteins. 

2. A vector as claimed in claim 1, wherein said nucleotide molecule 
coding for said necleocapsid N protein is defined by the formula: 
ff#STRl## 

3. A vector as claimed in claim 2, wherein said nucleotide molecule 
coding for said nucleocapsid N protein further comprises at least one of 
(a) a leader-sequence that precedes said nucleotide molecule coding for 
said nucleocapsid N protein, wherein said leader-sequence comprises a 
sequence defined by the formula: TAGTAGTAGACTCCCTAAAGAGCTACTAGAACAACG, 
and (b) a tail-sequence that follows said nucelotide molecule coding for 
said nucleocapsid N protein, wherein said tail-sequence comprises a 
sequence defined by the formula: ##STR2## 

4. A vector as claimed in claim 1, wherein said nucleotide molecule 
coding for said precursor is defined by the formula: ##STR3## 

5. A vector as claimed in claim 4, wherein said nucleotide molecule 
coding for said precursor further comprises at least one of (a) a 
leader-sequence that precedes said nucleotide molecule coding for said 
precursor, wherein said leader-sequence is comprised of a sequence 
defined by the formula: ##STR4ff# (b) a tail-sequence that follows said 
nucleotide molecule coding for said precursor, wherein said 
tail-sequence is comprised of a sequence defined by the formula: 
##STR5## 

6. A vector as claimed in claim 1, wherein said nucleocapsid N protein 
has an amino acid sequence defined by the formula: ##STR6## 

7. A vector as claimed in claim 1, wherein said precursor has an amino 
acid sequence defined by the formula: ##STR7## 

8. A vector as claimed in claim 7, wherein said amino acid sequence is 
preceded by a leader-sequence that comprises a sequence defined by the 
formula: ##STR8ff# 



9. A cDNA molecule comprising a nucleotide molecule selected from the 
group consisting of a nucleotide molecule coding for a Hantaan virus 
nucleocapsid N protein and a nucleotide molecule coding for a precursor 
of Hantaan virus Gl and Gl glycoproteins. 

10. A cDNA molecule as claimed in claim 9, wherein said nucleotide 
molecule coding for said nucleocapsid N protein is defined by the 
formula: fl#STR9## 

11. A cDNA molecule as claimed in claim 10, wherein said nucleotide 
molecule coding for said nucleocapsid N protein further comprises at 
least one of (a) a leader-sequence that precedes said nucleotide 
molecule coding for said nucleocapsid N protein, wherein said 
leader-sequence is comprised of a sequence defined by the formula: 
TAGTAGTAGACTCCCTAAAGAGCTACTAGAACAACG, and (b) a tail-sequence that 
follows said nucleotide molecule coding for said nucleocapsid N protein, 
wherein sad tail -sequence is comprised of a sequence defined by the 
formula: ##STR10ff ff 

12. A cDNA molecule as claimed in claim 9, wherein said nucleotide 
molecule coding for said precursor is defined by the formula: flffSTRllffff 

13. A cDNA molecule as claimed in claim 12, wherein said nucleotide 
molecule coding for said precursor further comprises at least one of (a) 
a leader-sequence that precedes said nucleotide molecule coding for said 
precursor, wherein said leader-sequence is comprised of a sequence 
defined by the formula: ##STR12## (b) a tail-sequence that follows said 
nucleotide molecule coding for said precursor, wherein said 
tail-sequence is comprised of a sequence defined by the formula: 
##STR13ffff 
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2005:283181 Chimeric flavi virus vaccines. 
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Monath, Thomas P., Harvard, MA, UNITED STATES 

Guirakhoo, Farshad, Melrose, MA, UNITED STATES 

Arroyo, Juan, S. Weymouth, MA, UNITED STATES 
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APPLICATION: US 1998-121587 19980723 (9) 

DOCUMENT TYPE: Utility; GRANTED. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A chimeric live, infectious, attenuated virus containing a yellow 

fever virus, in which the nucleotide sequence for a prM-E 
protein is either deleted, truncated, or mutated, so that functional 
prM-E protein is not expressed, and integrated into the genome of 
the yellow fever virus, a nucleotide sequence encoding a prM-E 
protein of a second, different flavivirus, so that the prM-E 
protein of the second flavivirus is expressed. 

CLM What is claimed is: 

1. A chimeric live, infectious, attenuated virus, comprising: a yellow 
fever virus in which the nucleotide sequence encoding a prM-E 
protein is either deleted, truncated, or mutated so that functional 
yellow fever virus prM-E protein is not expressed, and 

integrated into the genome of said yellow fever virus, a 

nucleotide sequence encoding a prM-E protein of a second, different 

flavivirus, to that said prM-E protein of said second flavivirus 

is expressed, wherein the capsid protein of said chimeric virus is from 

yellow fever virus . 

2. The chimeric virus of claim 1, wherein said second flavivirus is a 
Japanese Encephalitis (JE) virus. 

3. The chimeric virus of claim 1, wherein the nucleotide sequence 
encoding the prM-E protein of said, second, different flavivirus 
replaces the nucleotide sequence encoding the prM-E protein of said 
yellow fever virus. 

4. The chimeric virus of claim 1, wherein said nucleotide sequence 
encoding said prM-E protein of said second, different flavivirus 
comprises a mutation that prevents prM cleavage to produce M protein. 

5. The chimeric virus of claim 1, wherein the NS2B-3-protease 
recognition site and the signal sequences and cleavage sites at the 
C/prM and E/NS1 junctions are maintained in construction of said 
chimeric virus. 

6. The chimeric virus of claim 1, wherein said second flavivirus is a 
Murray Valley Encephalitis virus. 

7. The chimeric virus of claim 1, wherein said second flavivirus is a 
St. Louis Encephalitis virus. 

8. The chimeric virus of claim 1, wherein said second flavivirus is a 
West Nile virus. 

9. The chimeric virus of claim 1, wherein said second flavivirus is a 
Tick-borne Encephalitis virus. 

10. The chimeric virus of claim 1, wherein the signal sequence at 

the C/prM junction is maintained in construction of said chimeric virus. 

11. A method of preventing or treating Japanese encephalitis virus 
infection in a patient, said method comprising administering to said 
patient a chimeric, live, infectious, attenuated virus comprising: a 
yellow fever virus in which the nucleotide sequence encoding a 
prM-E protein is either deleted, truncated, or mutated so that 
functional yellow fever virus prM-E protein is not expressed, 

and integrated into the genome of said yellow fever virus, a 

nucleotide sequence encoding a prM-E protein of Japanese 

encephalitis virus strain SA-14-14-2 or Japanese encephalitis 

virus strain Nakayama, wherein the capsid protein of said chimeric virus 

is from yellow fever virus. 

12. The method of claim 11, wherein the nucleotide sequence encoding the 
prM-E protein of said Japanese encephalitis virus replaces the 



fever virus. 



13. The method of claim 11, wherein said nucleotide sequence encoding 
said prM-E protein of said Japanese encephalitis virus comprises 

a mutation that prevents prM cleavage to produce M protein. 

14. The method of claim 11, wherein the NS2B-3 protease recognition site 
and the signal sequences and cleavage sites at the C/prM and E/NS1 
junctions are maintained in connection of said chimeric virus. 
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2002:167888 Recombinant nonstructural protein subunit vaccine against 
flavi viral infection. 

McDonell, Michael, Kailua, HI, United States 
Peters, Iain, Honolulu, HI, United States 
Coller, Beth-Ann, Aiea, HI, United States 

Hawaii Biotechnology Group, Inc., Aeia, HI, United States (U.S. 

corporation ) 

US 6416763 Bl 20020709 

APPLICATION: US 1998-143077 19980828 (9) 

DOCUMENT TYPE: Utility; GRANTED. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The recombinant expression and secretion from eucaryotic host cells, 

particularly Drosophila cells, of Flavivirus nonstructural (NS) 
protein, particularly NS1, is useful in combination with Flavivirus 
truncated envelope {E) protein to protect a host subject from 
infection and disease from Flavivirus species. Further, NS1 is useful 
as a diagnostic of flaviviral infection. 

Compositions of truncated flaviviral envelope protein and flaviviral 

nonstructural protein induce high titer virus neutralizing antibodies 
believed to be important in protection against flaviviral infection 
and which are useful in diagnosis of infection by the virus. 
CLM What is claimed is: 

1. An immunogenic composition which induces an immunological response in 
a host subject inoculated with said composition comprising a carrier and 
a mixture comprising a Flavivirus truncated envelope (E) protein and 

a Flavivirus nonstructural (NS} protein, wherein said nonstructural 
protein (NS) protein has been secreted as a recombinantly produced 
protein, from Drosophila cells, and wherein the truncated envelope (E) 
protein comprises approximately 80%E, wherein said 80%E represents a 
portion of the envelope protein that comprises approximately 80% of its 
length starting from amino acid 1 at its N-terminus. 

2. The immunogenic composition of claim 1, wherein said envelope protein 
(E} protein has been secreted as a recombinantly produced protein from 
Drosophila cells. 

3. The immunogenic composition of claim 1 wherein the non-structural 
(NS } protein is encoded in a DNA construct operably linked downstream 
from human tissue plasminogen activator prepropeptide secretion leader 
(tPA L ) . 

4 . The immunogenic composition of claim 1 wherein said Flavivirus is a 
dengue virus. 

5. The immunogenic composition of claim 1 wherein said Drosophila cells 
are D. melanogaster Schneider cells. 

6. The immunogenic composition of claim 2 wherein said Drosophila cells 
are D. melanogaster Schneider cells. 

7. A method to produce an immunogenic composition comprising (a) 
culturing the Drosophila cells modified to contain a DNA molecule which 
comprises a nucleotide seguence encoding a nonstructural (NS) protein of 
the Flavivirus against which enhanced protection is sought in culture 
medium under conditions favorable for expression of the encoding 
nucleotide sequence so that the cells secrete said nonstructural (NS) 
protein of the Flavivirus strain against which enhanced protection is 
sought; (b) recovering the nonstructural (NS) protein from the culture 
medi um; and (c) combining said NS with a Flavivirus truncated envelope 
protein, wherein the truncated envelope (E) protein comprises 
approximately 80%E, wherein said 80%E represents a portion of the 
envelope protein that comprises approximately 80% of its length starting 
from amino acid 1 at its N-terminus. 

8. A method to produce an immunogenic composition comprising (a) 
culturing the Drosophila cells modified to contain a DNA molecule which 
comprises a nucleotide sequence encoding a nonstructural (NS1) protein 
of the Flavivirus against which enhanced protection is sought in 
culture medium under conditions favorable for expression of the encoding 



Flavi virus strain against which enhanced protection is sought; (b) 
recovering the NS1 protein from the culture medium; and (c) combining 
said NS1 with a Flavivirus truncated envelope protein, wherein the 
truncated envelope (E) protein comprises approximately 80%E, wherein 
said 80%E represents a portion of the envelope protein that comprises 
approximately 80% of its length starting from amino acid 1 at its 
N-terminus . 

9. The immunogenic composition of claim 1, wherein the nonstructural 
(NS) protein is NS1 . 

10. An immunodiagnostic for the detection of a Flavivirus, wherein 

said immunodiagnostic comprises, the immunogenic composition of claim 1. 

11. The immunodiagnostic of claim 10, wherein the nonstructural (NS) 
protein is NS1 . 

12. The immunodiagnostic of claim 10, wherein said Flavivirus is a 
dengue virus. 

13. The immunodiagnostic of claim 10, wherein said envelope (E) 
protein has been secreted as a recombinantly produced protein from 
Drosophila cells. 

14. The immunodiagnostic of claim 13, wherein said Drosophila cells are 
D. melanogaster Schneider cells. 



LI 6 ANSWER 3 OF 15 US PAT FULL on STN 

2001:14256 Two-step immunization procedure against the pyramyxoviridae family 
of viruses using recombinant virus and subunit protein preparation. 
Klein, Michel H., Willowdale, Canada 
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corporation) 

US 6180398 Bl 20010130 

APPLICATION: US 1996-679065 19960712 (8) 

DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An immunization strategy to provide protection against disease caused by 

infection with a paramyxoviridae virus, specifically respiratory 
syncytial virus (RSV) and parainfluenza virus, is described. A priming 
intranasal administration of a recombinant virus expressing at least one 
RSV or PIV protein or immunogenic sequence there first is made to the 
host followed by a booster administration of at least one purified RSV 
or PIV protein or immunogenic fragment thereof, which may be adjuvanted 
with alum. This immunization strategy provides a safe and effective 
means of controlling RSV and PIV infections. The strategy leads to a 
stronger protective immune response than other strategies and to the 
induction of a more balanced Th-l/Th-2 type response than previously 
attained. Novel recombinant poxviruses are provided containing nucleic 
acid encoding a paramyxovirus protein or immunogenic fragment thereof is 
a non-essential region of the poxvirus genome, specifically NYVAC-F and 
ALVAC-F, which produce the F glycoprotein of RSV. 

CLM What is claimed is: 

1. A method of inducing an immune response in a host against disease 
caused by respiratory syncytial virus (RSV), which comprises: initially 
administering to the host an immunoef f ective amount of a recombinant 
virus vector expressing at least one RSV protein or immunogenic fragment 
thereof; and subsequently administering to the host an immunoef f ective 
amount of at least one purified RSV protein or immunogenic fragment 
thereof to achieve a RSV specific immune response in the host. 

2. The method of claim 1 wherein said immune response in the host 
includes the production of virus specific neutralizing antibodies and/or 
virus specific cytotoxic T-cell responses. 

3. The method of claim 2 wherein said recombinant virus is a recombinant 
pox virus. 

4. The method of claim 2 wherein said recombinant virus expresses at 
least one RSV protein or immunogenic fragment thereof selected from the 
group consisting of the fusion (F), attachment (G) and matrix (M) 
proteins . 

5. The method of claim 2 wherein said at least one purified RSV protein 
or immunogenic fragment thereof is selected from the group consisting of 
the fusion (F), attachment (G) and matrix (M) proteins. 



pox virus. 



7. The method of claim 5 wherein said recombinant virus expresses at 
least one RSV protein or immunogenic fragment thereof selected from the 
group consisting of the fusion <F), attachment (G) and matrix (M) 
proteins . 

8. The method of claim 1 wherein the at least one purified RSV protein 
or immunogenic fragment thereof is administered with an adjuvant. 

9. The method of claim 8 wherein the adjuvant is alum. 
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2000:174106 Subunit immonogenic composition against dengue infection. 
Ivy, John, Kailua, HI, United States 
Nakano, Eilen, Hon., HI, United States 
Clements, David, Honolulu, HI, United States 

Hawaii Biotechnology Group, Inc., Aiea, HI, United States (U.S. 

corporation ) 

US 6165477 20001226 

APPLICATION: US 1997-915152 19970820 (8) 

DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The Flaviviridae comprise a number of medically important pathogens 

that cause significant morbidity in humans including the dengue (DEN) 
virus, Japanese encephalitis (JE) virus, tick-borne encephalitis 
virus (TBE), and yellow fever virus (YF) . Flaviviruses are 
generally transmitted to vertebrates by chronically infected mosquito or 
tick vectors. The viral particle which is enveloped by host cell 
membranes, comprises a single positive strand genomic RNA and the 
structural capsid (CA) , membrane (M), and envelope (E) proteins. The 
E and M proteins are found on the surface of the virion where they are 
anchored in the membrane. Mature E is glycosylated and contains 
functional domains responsible for cell surface attachment and 
intraendosomal fusion activities. Problems have arisen in the art with 
respect to producing recombinant forms of the E glycoprotein that 
retain their native configuration and attendant properties associated 
therewith (i.e., ability to induce neutralizing antibody responses). 
To date, recombinantly produced E glycoproteins have suffered from a 
number of limitations including improper glycosylation, folding, and 
disulfide bond formation. The claimed invention has addressed these 
concerns by providing secreted recombinant forms of the E glycoprotein 
that are highly immunogenic and appear to retain their native 
configuration. Carboxy-terminally truncated forms of E containing the 
amino terminal 395 amino acids and a suitable secretion signal 
sequence were generated in Drosophila melanogaster Schneider cell 
lines. Immunogenic compositions comprising these recombinant envelope 
glycoproteins were capable of inducing protective, neutralizing antibody 
responses when administered to a suitable host. 

CLM What is claimed is: 

1. An immunogenic composition which generates protective, neutralizing 
antibody responses to a Flavivirus in a murine host which responses 
confer protection against intracerebral challenge by the homologous 
Flavivirus, said strain of Flavivirus selected from the group 
consisting of a strain of dengue, a strain of Japanese 
encephalitis virus (JEV), a strain of yellow fever virus ( YF) , 

and a strain of tick-borne encephalitis virus (TBE) which composition 
contains an adjuvant; and a portion of the envelope protein (E) of the 
Flavivirus strain against which said responses are sought, which 
portion is 80% E, wherein said 80% E represents that portion of the 
envelope protein that constitutes 80% of its length starting from amino 
acid 1 at its N-terminus and which portion has been secreted as a 
recombinantly produced protein from Drosophila cells. 

2. The immunogenic composition of claim 1 wherein said Drosophila cells 
are D. melanogaster Schneider cells. 

3. The immunogenic composition of claim 1 wherein said adjuvant is an 
alum adjuvant. 

4. An immunogenic composition which generates a neutralizing antibody 
response to a Flavivirus in a murine host against the homologous 
Flavivirus, said strain of Flavivirus selected from the group 
consisting of a strain of dengue, a strain of Japanese 
encephalitis virus (JEV), a strain of yellow fever virus (YF), 

and a strain of tick-borne encephalitis virus (TBE) which composition 
contains an adjuvant; and a portion of the envelope protein (E) of the 
Flavivirus strain against which generation of said response is sought, 
which portion is 80% E, wherein said 80% E represents that portion 
of the envelope protein that constitutes 80% of its length starting from 
amino acid 1 at its N-terminus, and which portion has been secreted as a 



5. The immunogenic composition of claim 4 wherein said Drosophila cells 
are Schneider cells. 

6. The immunogenic composition of claim 4 wherein said Flavl virus is a 
dengue virus. 

7. The immunogenic composition of claim 4 wherein the 80% E is encoded 
in a DNA construct operably linked downstream from human tissue 
plasminogen activator prepropeptide secretion leader ( t PAl ) - 

8. The immunogenic composition of claim 4 wherein the adjuvant is an 
alum adjuvant. 

9. A method to generate a neutralizing antibody response in a non-human 
subject against a Flavivirus strain, said strain selected from the 
group consisting of a strain of dengue, a strain of YF, a strain of 
JEV, and a strain of TBE, which method comprises administering to a 
non-human subject in need of generating said response an effective 
amount of the immunogenic composition of claim 4. 

10. The method of claim 9 wherein said Flavivirus is a dengue virus. 

11. The immunogenic composition of claim 1 wherein the 80% E is 
encoded in a DNA construct operably linked downstream from a human 
tissue plasminogen activator prepropeptide secretion leader (tPA L ) 
sequence . 

12. The immunogenic composition of claim 1 wherein said Flavivirus is 
a dengue virus. 

13. The immunogenic composition of claim 2 wherein the Flavirirus is a 
dengue virus . 
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2000:142128 Methods of preparing carboxy-terminally truncated recombinant 
flavivirus envelope glycoproteins employing drosophila melanogaster 
expression systems. 

Ivy, John, Kailua, HI, United States 
Nakano, Eilen, Honolulu, HI, United States 
Clements, David, Honolulu, HI, United States 

Hawaii Biotechnology Group, Inc., Aiea, HI, United States (U.S. 

corporation) 

US 6136561 20001024 

APPLICATION: US 1997-937195 19970925 (8) 

DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT . 

AB The Flaviviridae comprise a number of medically important pathogens 

that cause significant morbidity in humans including the dengue {DEN} 
virus, Japanese encephalitis (JE) virus, tick-borne encephalitis 
virus (TBE), and yellow fever virus (YF) . Flaviviruses are 
generally transmitted to vertebrates by chronically infected mosquito or 
tick vectors. The viral particle which is enveloped by host cell 
membranes, comprises a single positive strand genomic RNA and the 
structural capsid (CA), membrane (M), and envelope (£) proteins. The 
E and M proteins are found on the surface of the virion where they are 
anchored in the membrane. Mature E is glycosylated and contains 
functional domains responsible for cell surface attachment and 
intraendosomal fusion activities. Problems have arisen in the art with 
respect to producing recombinant forms of the E glycoprotein that 
retain their native configuration and attendant properties associated 
therewith (i.e., ability to induce neutralizing antibody responses). 
To date, recombinantly produced E glycoproteins have suffered from a 
number of limitations including improper glycosylation, folding, and 
disulfide bond formation. The claimed invention has addressed these 
concerns by providing secreted recombinant forms of the E glycoprotein 
that are highly immunogenic and appear to retain their native 
configuration. Carboxy-terminally truncated forms of E containing the 
amino terminal 395 amino acids and a suitable secretion signal 
sequence were generated in Drosophila melanogaster Schneider cell 
lines. The recombinant proteins produced by this expression system 
should prove useful, inter alia, as immunogens and diagnostic reagents. 

CLM What is claimed is: 

1. An expression system for the recombinant production and secretion of 
a portion of an envelope (E) protein of a Flavivirus selected from 
the group consisting of dengue virus, Japanese encephalitis virus 
(JEV), tick-borne encephalitis virus (TBE) and yellow fever virus 
(YF), which expression system comprises Drosophila cells modified to 
contain a DNA molecule which comprises (a) a first nucleotide sequence 
encoding said portion of said E protein of the Flavivirus strain 
against which protection is sought, which portion is the N-terminal 80% 



nucleotide sequence which encodes a secretory leader sequence or a 
secretory signal sequence operably linked to said first nucleotide 
sequence and positioned so as to produce a fusion protein when said 
first and said second nucleotide sequences are expressed in a eucaryotic 
cell, said encoding sequences operably linked to control sequences 
capable of effecting expression of said encoding nucleotide sequences in 
eucaryotic cells. 

2. The expression system of claim 1 wherein said secretory leader 
sequence is human tissue plasminogen activator prepropeptide secretion 
leader {tPA L ) and optionally includes the premembrane leader of the 

E protein. 

3. A method to produce a portion of an E protein of a Flavivirus 
selected from the group consisting of dengue virus, Japanese 
encephalitis virus {JEV), tick-borne encephalitis virus (TBE) and 
yellow fever virus (YF), which method comprises (a) culturing the 
Drosophila cells of claim 1 in culture medium under conditions favorable 
for expression of the encoding nucleotide sequence so that the cells 
secrete said portion of the E protein of the Flavivirus strain 
against which protection is sought, which portion is the N-terminal 80% 
of the protein from residue 1 to residue 395 into the medium; and (b) 
recovering the portion of the E protein from the culture medium. 

4 . A method to produce a portion of an E protein of a Flavivirus 
selected from the group consisting of dengue virus, Japanese 
encephalitis virus (JEV), tick-borne encephalitis virus (TBE) and 
yellow fever virus (YF) , which method comprises (a) culturing the 
Drosophila cells of claim 2 in culture medium under conditions favorable 
for expression of the encoding nucleotide sequence so that the cells 
secrete said portion of the E protein of the Flavivirus strain 
against which protection is sought, which portion is the N-terminal 80% 
of the protein from residue 1 to residue 395 into the medium; and (b) 
recovering the portion of the E protein from the culture medium. 

5. The expression system of claim 1 wherein the N-terminal 80% of the 
E protein from residue 1 to residue 395 is dengue virus E protein. 

6. The method of claim 3 wherein the N-terminal 80% of the E protein 
from residue 1 to residue 395 is dengue virus E protein. 

7. The method of claim 4 wherein the N-terminal 80% of the E protein 
from residue 1 to residue 395 is dengue virus E protein. 

8. The expression system of claim 1, wherein the Drosophila cells are 
Drosophila Schneider cells. 

9. The expression system of claim 2, wherein the Drosophila cells are 
Drosophila Schneider cells. 

10. The method of claim 3, wherein the Drosophila cells are Drosophila 
Schneider cells . 

11. The method of claim 4, wherein the Drosophila cells are Drosophila 
Schneider cells. 

12. The expression system of claim 5, wherein the Drosophila cells are 
Drosophila Schneider cells. 

13. The method of claim 6, wherein the Drosophila cells are Drosophila 
Schneider cells. 

14. The method of claim 7, wherein the Drosophila cells are Drosophila 
Schneider cells. 
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DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention provides a human promonocyte associated protein (PRMNC) 

and polynucleotides which identify and encode PRMNC. The invention 



antagonists. The invention also provides methods for diagnosing, 
treating or preventing disorders associated with expression of PRMNC. 
CLM What is claimed is: 

1. An isolated and purified polynucleotide comprising a polynucleotide 
sequence selected from the group consisting of: (a) a polynucleotide 
encoding the amino acid sequence of SEQ ID N0:1; (b) a polynucleotide 
encoding a fragment of SEQ ID N0:1 wherein a fragment comprises at least 
15 contiguous amino acids; (c) a polynucleotide complementary to {aj; 
and (d) a polynucleotide complementary to (b) . 

2. An isolated and purified polynucleotide which hybridizes under 
stringent conditions to the polynucleotide of claim 1 wherein stringent 
conditions are wash conditions of 15 mM NaCI, 1.5 mM trisodium citrate, 
at 68° C. 

3. An isolated and purified polynucleotide of claim 1, comprising a 
polynucleotide sequence selected from the group consisting of: (a) a 
polynucleotide encoding the amino acid sequence of SEQ ID N0:1; and (b) 
a polynucleotide complementary to (a). 

4. An expression vector comprising the polynucleotide of claim 1. 

5. A host cell comprising the expression vector of claim 4. 

6. A method for producing a polypeptide comprising a sequence of SEQ ID 
N0:1, the method comprising the steps of: (a) culturing the host cell of 
claim 5 under conditions suitable for the expression of the polypeptide; 
and {b) recovering the polypeptide from the host cell culture. 

7. An isolated and purified polynucleotide comprising a polynucleotide 
sequence selected from the group consisting of: (a) SEQ ID NO: 2; (b) a 
fragment of SEQ ID NO: 2 wherein a fragment comprises at least 30 
contiguous nucleic acids; (c) a polynucleotide complementary to (a); and 
{d) a polynucleotide complementary to (b) . 

8. An isolated and purified polynucleotide that hybridizes under 
stringent conditions to the polynucleotide of claim 7 wherein stringent 
conditions are wash conditions of 15 mM NaCI, 1 . 5 mM trisodium citrate, 
at 68° C. 

9. An isolated and purified polynucleotide of claim 7, comprising a 
polynucleotide sequence selected from the group consisting of: (a) SEQ 
ID NO:2; and (b) a polynucleotide complementary to (a). 
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2000:74131 Recombinant dengue virus DNA fragment. 

Kelly, Eileen P., Takoma Park, MD, United States 
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DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A recombinant protein encompassing the complete envelope glycoprotein 

and a portion of the carboxy-terminus of the membrane/ premembrane 
protein of dengue 2 virus was expressed in baculovirus as a protein 
particle. The recombinant protein particle was purified and found to 
provide protection against lethal challenge with dengue 2 virus in mice. 

CLM What is claimed is: 

1. An isolated and purified dengue virus DNA fragment consisting 
essentially of a DNA fragment which encodes a complete dengue virus 
envelope protein and a carboxy terminus segment of premembrane protein 
which comprises a translocation signal for said Envelope protein. 

2. The. isolated and purified DNA fragment according to claim 1, wherein 
said dengue virus is dengue 2. 

3. The DNA fragment of claim 2 which encodes 495 amino acids of said 
envelope protein and 31 amino acids of said carboxy terminus segment of 
premembrane protein, said fragment comprising the nucleotide sequence 
specified in SEQ ID NO: 1 or an allelic variant which retains the 
neutralizing antibody production characteristic of a protein encoded by 
SEQ ID No. 1. 

4. The DNA fragment according to claim 3, wherein said DNA fragment 
encodes the amino acid sequence specified in SEQ ID NO: 2. 

5. The isolated and purified DNA fragment according to claim 1, wherein 
said dengue is dengue 1. 



said dengue is selected from the group consisting of dengue 3 and 
dengue 4 . 

7. A recombinant DNA construct comprising: (i) a vector, and ( i i ) an 
isolated and purified dengue virus DNA fragment according to claim 1. 

8. A recombinant DNA construct according to claim 7, wherein said 
dengue virus is dengue 2. 

9. The recombinant DNA construct according to claim 7, wherein said 
vector is a eukaryotic expression vector. 

10. The recombinant DNA construct according to claim 8, wherein said 
vector is a eukaryotic expression vector. 

11. A recombinant DNA construct comprising: (i) a vector, and (ii) a 
dengue 2 DNA fragment according to claim 3. 

12. The recombinant DNA construct according to claim 11, wherein said 
vector is a eukaryotic expression vector. 

13. The recombinant DNA construct according to claim 11, wherein said 
DNA fragment encodes the amino acids sequence specified in SEQ ID NO: 2. 

14. The recombinant DNA construct according to claim 11 wherein said 
vector is pBlueBacIII. 

15. A host cell transformed with a recombinant DNA construct comprising: 
{i) a vector, and (ii) an isolated and purified dengue virus DNA 
fragment according to claim 1. 

16. A host cell according to claim 15, wherein said cell is prokaryotic. 

17. The host cell according to claim 15, wherein said cell is a 
eukaryotic cell. 

18. A method for producing a dengue virus recombinant protein 
particle, said method comprising the steps of: (i) culturing a host cell 
transformed with an expression vector according to claim 9 under 
conditions such that said DNA fragment is expressed and said recombinant 
protein is produced as a particle, said particle comprising more than 
one unit of said recombinant protein; and (ii) isolating said 
recombinant protein particle. 

19. The method according to claim 18, wherein said dengue virus is 
dengue 2 . 

20. The method of claim 18 wherein isolating said recombinant protein 
particle comprises: {i) pelleting said cells by centrifugation, (ii) 
separating the cell pellet and the supernatant, (iii) lysing said cell 
pellet to release said recombinant protein particle; (iv) isolating said 
recombinant protein particle of step (iii); (v) fractionating said 
recombinant protein particle of step (iv) on a gradient; and (vi) 
isolating said recombinant protein particle, in a purified form. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB DENI-S275/90 ( ECACC V92042111) is a new strain of Dengue virus 

serotype 1. The complete cDNA sequence of this virus has been cloned and 
protein-coding fragments thereof have been used in the construction of 
expression plasmids. DEN1-S275/90 in inactivated form, DEN1-S275/90 
polypeptides or fusion proteins thereof can be incorporated into 
vaccines for immunisation against DEN1-S275/90 and other DEN1 viruses. 
The invention further provides diagnostic reagents e.g. labelled 
antibodies to DEN1-S275/90 proteins, and kits to detect DEN1 virus. 

CLM What is claimed is: 

1. An isolated Dengue viral strain DEN1-S275/90 designated as 
(E-CACC V92042111) . 



2. An isolated Dengue viral strain DEN1-S275/90 designated as (ECACC 
V92042111), in inactivated form. 

3. An isolated DNA polynucleotide encoding DEN-1-S27 5/90 ■ (ECACC 
V92042111) consisting of the sequence shown in SEQ ID N0:1 or at least 
one nucleotide sequence selected from the group consisting of nucleic 
acids 81-422, 123-422, 423-695, 696-920, 921-2402, 2403-3464, 3465-4112, 
4113-4499, 4500-6359, 6360-6809, 6810-7556, and 7557-10268, of SEQ ID 
N0:1. 

4. An isolated DNA polynucleotide encoding the polypeptide of SEQ ID 
NO: 2 or at least one amino acid sequence selected from the group 
consisting of amino acids 1-114, 15-114, 115-205, 206-280, 281-774, 
775-1128, 1129-1344, 1345-1474, 1475-2093, 2094-2242, 2243-2492 and 
2493-3396 of SEQ ID NO:2. 

5. An isolated DNA polynucleotide encoding a fusion protein comprising 
the polypeptide of SEQ ID NO: 2 or at least one amino acid sequence 
selected from the group consisting of amino acids 1-114, 15-114, 
115-205, 206-280, 281-774, 775-1128, 1129-1344, 1345-1474, 1475-2093, 
2094-2242, 2243-2492 and 2493-3396 of SEQ ID NO:2. 

6. An expression vector comprising the DNA polynucleotide of any one of 
claims 3-4. 

7. The expression vector according to claim 6, said vector being a 
plasmid or viral vector. 

8. An expression vector comprising the isolated DNA polynucleotide of 
claim 5. 

9. A cell containing the expression vector according to claim 6. 

10. The cell according to claim 9, said cell being E. coli, a yeast 
cell or an insect cell. 

11. A cell containing the expression vector of claim 8. 

12. A method of preparing a polypeptide having an amino acid sequence 
selected from the group consisting of amino acids 1-114, 15-114, 
115-205, 206-280, 281-774, 775-1128, 1129-1344, 1345-1474, 1475-2093, 
2094-2242, 2243-2492 and 2493-3396, of SEQ ID NO:2, said method 
comprising culturing a cell according to claim 9 and recovering said 
polypeptide . 

13. A method of preparing a fusion protein comprising the polypeptide of 
SEQ ID NO: 2 or at least one amino acid sequence selected from the group 
consisting of amino acids 1-114, 15-114, 115-205, 206-280, 281-774, 
775-1128,1129-1344, 1345-1474, 1475-2093, 2094-2242, 2243-2492 and 

24 93-3396 of SEQ ID NO: 2, said method comprising culturing a cell 
according to claim 11 and recovering said fusion protein. 

14. A polypeptide in isolated form which is selected from the group 
consisting of amino acids 1-14, 15-114, 115-205, 206-280, 281-774, 
775-1128, 1129-1344, 345-1474, 1475-2093, 2094-2242, 2243-2492 and 
2493-3396, of SEQ ID N0:2. 

15. An isolated fusion protein comprising the polypeptide according to 
claim 14 . 

16. A polypeptide according to claim 14, attached to a label. 

17. A fusion protein according to claim 15 attached to a label. 

18. A test kit for the detection of the presence or absence of DEN1 
virus antibodies comprising a polypeptide according to any one of claims 
14-17 fixed to a solid support, said polypeptide being capable of 
binding antibodies to DEN1-S275/90 (ECACC V92042111). 

19. A method of preparing antibodies in an animal, said antibodies being - 
capable of binding a Dengue virus viral protein, said method 
comprising immunizing said animal with at least one polypeptide 
according to any one of claims 14-17 or the inactivated virus according 
to claim 2 and isolating said antibodies. 

20. A method as claimed in claim 19 which further comprises in vitro 
labeling one or more isolated antibodies capable of binding a Dengue 
viral protein. 

21. An isolated antibody prepared according to the method of claim 19. 
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DOCUMENT TYPE: Utility; Granted. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT . 

AB What is described is a modified vector, such as a recombinant poxvirus, 

particularly recombinant vaccinia virus, having enhanced safety. The 
modified recombinant virus has nonessential virus-encoded genetic 
functions inactivated therein so that virus has attenuated virulence. In 
one embodiment, the genetic functions are inactivated by deleting an 
open reading frame encoding a virulence factor. In another embodiment, 
the genetic functions are inactivated by insertional inactivation of an 
open reading frame encoding a virulence factor. What is also described 
is a vaccine containing the modified recombinant virus having 
nonessential virus-encoded genetic functions inactivated therein so that 
the vaccine has an increased level of safety compared to known 
recombinant virus vaccines. 

CLM What is claimed is: 

1. An attenuated virus having all the identifying characteristics of: a 
TROVAC fowlpox virus. 

2. A virus which is TROVAC. 

3. A vector which comprises the virus of claim 1. 

4. A vector which comprises the virus of claim 2. 

5. A virus as claimed in claim 2 further comprising exogenous DNA from a 
non-poxvirus source in a nonessential region of the virus genome. 

6. A virus as claimed in claim 5 wherein the exogenous DNA is selected 
from the group consisting of rabies virus, Hepatitis B virus, Japanese 
encephalitis virus, yellow fever virus, Dengue virus, measles 

virus, pseudorabies virus, Epstein-Barr virus, herpes simplex virus, 
human immunodeficiency virus, simian immunodeficiency virus, equine 
herpes virus, bovine herpes virus, bovine viral diarrhea virus, human 
cytomegalovirus, canine parvovirus, equine influenza virus, feline 
leukemia virus, feline herpes virus, Hantaan virus, C. tetani, avian 
influenza virus, mumps virus and Newcastle Disease virus. 

7. A virus as claimed in claim 6 wherein the non-poxvirus source is 
avian influenza virus and the fowlpox virus is vFP89, vFP92, vFPlOO or 
VFP122. 

8. A virus as claimed in claim 6 wherein the virus is a fowlpox virus, 
the non-poxvirus source is human immunodeficiency virus and the fowlpox 
virus is vFP62, vFP63 or vFP174. 

9. A virus as claimed in claim 6 wherein the non-poxvirus source is 
Newcastle Disease virus and the fowlpox virus is vFP96. 

10. A virus as claimed in claim 6 which is a human immunodeficiency 
virus recombinant fowlpox virus which is vFP62 or vFP63. 

11. A virus as claimed in claim 1 further comprising exogenous DNA from 
a non-poxvirus source in a nonessential region of the virus genome. 

12. An immunological composition for inducing an immunological response 
in a host animal inoculated with said composition, said composition 
comprising the virus of any one of claims 1, 2 or 10 or 11, or, a vector 
as claimed in claim 3 or 4, and a carrier. 

13. The immunological composition of claim 12 containing the virus or 
vector in an amount sufficient to induce a protective immunological 
response such that the immunological composition is a vaccine. 

14. A method of expressing a gene product in a cell cultured in vitro 
comprising introducing into the cell a virus as claimed in any one of 



transforming cell with the expression vector, cultivating the 
transformed cell under conditions which allow expression of the gene 
product, and further purifying the product. 
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AB What is described is a modified vector, such as a recombinant poxvirus, 

particularly recombinant vaccinia virus, having enhanced safety. The 
modified recombinant virus has nonessential virus-encoded genetic 
functions inactivated therein so that virus has attenuated virulence. In 
one embodiment, the genetic functions are inactivated by deleting an 
open reading frame encoding a virulence factor. In another embodiment, 
the genetic functions are inactivated by insertional inactivation of an 
open reading frame encoding a virulence factor. What is also described 
is a vaccine containing the modified recombinant virus having 
nonessential virus-encoded genetic functions inactivated therein so that 
the vaccine has an increased level of safety compared to known 
recombinant virus vaccines. 

CLM What is claimed is: 

1. A recombinant vaccinia virus wherein regions C7L-K3L, J2R, B13R+B14R, 
A26L, A56R and I4L have been deleted therefrom. 

2. A recombinant vaccinia virus wherein regions C23L-F4L, J2R, 
B13R+B14R, A26L, A56R and I4L have been deleted therefrom. 

3. A recombinant vaccinia virus wherein regions C7L-K1L, J2R, B13R-B29R, 
A26L, A56R and I4L have been deleted therefrom. 

4. A recombinant vaccinia wherein regions C23L-F4L, J2R, B13R-B29R, 
A26L, A56 and I4L have been deleted therefrom. 

5. The recombinant vaccinia virus of claim 1 including exogenous DNA 
from a non-vaccinia source. 

6. The recombinant vaccinia virus of claim 2 including exogenous DNA 
from a non-vaccinia source. 

7. The recombinant vaccinia virus of claim 3 including exogenous DNA 
from a non-vaccinia source. 

8. The recombinant vaccinia virus of claim 4 including exogenous DNA 
from a non-vaccinia source. 

9. A recombinant vaccinia virus selected from the group consisting of: 
VP954, vP938, vP953, vP977, vP996, vP1006 and vP1015. 

10. A method for expressing a gene product in a cell cultured in vitro, 
which method comprises introducing into the cell the recombinant 
vaccinia virus as claimed in any of claims 1, 2, 3, 4, 5, 6, 7, 8 or 9, 
and culturing the cell under appropriate conditions for expression of 
the gene product. 

11. An immunological composition comprising a carrier and a recombinant 
vaccinia virus as claimed in any of claims, 1, 2, 3, 4, 5, 6, 7, 8, 8 or 
9. 
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AB What is described is a modified vector, such as a recombinant poxvirus, 
particularly recombinant vaccinia virus, having enhanced safety. The 
modified recombinant virus has nonessential virus-encoded genetic 
functions inactivated therein so that virus has attenuated virulence. In 
one embodiment, the genetic functions are inactivated by deleting an 
open reading frame encoding a virulence factor. In another embodiment, 
the genetic functions are inactivated by insertional inactivation of an 
open reading frame encoding a virulence factor. What is also described 
is a vaccine containing the modified recombinant virus having 
nonessential virus-encoded genetic functions inactivated therein so that 
the vaccine has an increased level of safety compared to known 
recombinant virus vaccines. 

CLM What is claimed is : 

1. An attenuated virus having all the identifying characteristics of: an 
ALVAC canarypox virus . 



2. A virus which is ALVAC. 



3. A vector which comprises the virus of claim 1. 

4. A vector which comprises the virus of claim 2. 

5. A virus as claimed in claim 2 further comprising exogenous DNA from a 
non-poxvirus source in a nonessential region of the virus genome. 

6. A virus as claimed in claim 5 wherein the exogenous DNA is selected 
from the group consisting of rabies virus, Hepatitis B virus, Japanese 
encephalitis virus, yellow fever virus, Dengue virus, measles 

virus, pseudorabies virus, Epstein-Barr virus, herpes simplex virus, 
human immunodeficiency virus, simian immunodeficiency virus, equine 
herpes virus, bovine herpes virus, bovine viral diarrhea virus, human 
cytomegalovirus, canine parvovirus, equine influenza virus, feline 
leukemia virus, feline herpes virus, Hantaan virus, C. tetani, avian 
influenza virus, mumps virus and Newcastle Disease virus. 

7. A virus as claimed in claim 6 wherein the virus is a canarypox virus, 
the non-poxvirus source is rabies virus, and the canarypox virus is 
vCP65 or VCP136. 



8. A virus as claimed in claim 6 wherein the virus is a canarypox virus, 
the non-poxvirus source is human immunodeficiency virus and the 
canarypox virus is vCP95, vCP112, vCP60, VCP61, vCP125, vCP124, vCP126, 
VCP144, VCP120, VCP138, vCP117, vCP130, vCP152, vCP155, vCP156, vCP146, 
VCP148, VCP154, VCP168 or vCP153. 

9. A virus as claimed in claim 6 wherein the virus is a canarypox virus, 
the non-poxvirus source is equine herpes virus and the canarypox virus 
is VCP132. 



10. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
canarypox virus is vCP139. 

11. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
virus is vCP123 or vCP136. 



wherein the virus is a canarypox 
human cytomegalovirus and the 



wherein the virus is a canarypox 
canine parvovirus and the canarypox 



12. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
virus is VCP167. 



wherein the virus is a canarypox 
Epstein-Barr virus and the canarypox 



13. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
canarypox virus is vCP128 or vCPli 



wherein the virus is a canarypox 
equine influenza virus and the 



14. A virus as claimed in claim 6 wherein the virus is a canarypox 
virus, the non-poxvirus source is feline leukemia virus and the 
canarypox virus is vCP177, vCP83, vCP35, vCP37, vCP87, vCP93 or vCP97. 



virus, the non-poxvirus source is feline herpes virus and the canarypox 
virus is vCP162. 



16. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
is vCP114 or vCP119. 



wherein the virus is a canarypox 
Hantaan virus and the canarypox virus 



17. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
VCP169 or VCP157. 



wherein the virus is a canarypox 
Hepatitis B and the canarypox virus is 



18. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
VCP161. 



wherein the virus is a canarypox 

C. tetani and the canarypox virus is 



19. A virus as claimed in claim 6 
virus, the non-poxvirus source is 
VCP171. 



wherein the virus is a canarypox 
mumps virus and the canarypox virus is 



20. A virus as claimed in claim 6 wherein the virus is a canarypox 
virus, the non-poxvirus source is Japanese encephalitis virus and 
the canarypox virus is vCP107 or vCP140. 

21. A virus as claimed in claim 6 wherein the virus is a canarypox 
virus, the non-poxvirus source is simian immunodeficiency virus, and the 
canarypox virus is vCP172. 

22. A virus as claimed in claim 6 which is a rabies virus recombinant 
canarypox virus which is vCP65. 

23. A virus as claimed in claim 6 which is a human immunodeficiency 
virus recombinant canarypox virus which is vCP95, vCP112, vCP60 or 
VCP61. 

24. A virus as claimed in claim 1 further comprising exogenous DNA from 
a non-poxvirus source in a non-essential region of the virus genome. 

25. An immunological composition for inducing an immunological response 
in a host animal inoculated with said composition, said composition 
comprising the virus of any one of claims 1, 2 or 5 to 24, or, a vector 
as claimed in claim 3 or 4, and a carrier. 



26. The immunological composition of claim 25 which is a vaccine. 



27. A method of expressing a gene product in a cell cultured in vitro 
comprising introducing into the cell a virus as claimed in any one of 
claims 1, 2 or 5 to 24, or, a vector, transforming cell with the 
expression vector, cultivating the transformed cell under conditions 
which allow expression of the recombinant poxvirus, and further 
purifying the protein as claimed in claim 3 or 4 . 
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AB What is described is a recombinant poxvirus, such as vaccinia virus, 

fowlpox virus and canarypox virus, containing foreign DNA from 
flavi virus, such as Japanese encephalitis virus, yellow fever 
virus and Dengue virus. In a preferred embodiment, the recombinant 
poxvirus generates an extracellular particle containing flavivirus E 
and M proteins capable of inducing neutralizing antibodies, 
hemagglutination-inhibiting antibodies and protective immunity against 
flavivirus infection. What is also described is a vaccine containing 
the recombinant poxvirus for inducing an immunological response in a 
host animal inoculated with the vaccine. 

CLM What is claimed is: 

1. A recombinant poxvirus comprising DNA coding for at least one 
flavivirus structural protein, wherein the flavivirus is Yellow 
Fever virus or Dengue virus and the poxvirus is selected from the 
group consisting of: an avipox virus, a vaccinia virus wherein the open 
reading frames for the thymidine kinase gene, a hemorrhagic region, an A 
type inclusion body region, a hemagglutinin gene, a host range gene 
region and a large subunit, ribonucleotide reductase have been deleted 
therefrom, a vaccinia virus wherein regions C7L-K1L, J2R, B13R+B14R, 
A26L, A56R, and I4L have been deleted therefrom, and a NY VAC vaccinia 
virus . 



2. The recombinant poxvirus of claim 1 wherein the DNA comprises a part 
of the flavi virus open reading frame from c to NS2b. 



3. The recombinant poxvirus of claim 1 wherein the DNA encodes protein M 
or a precursor to protein M, and flavivirus proteins E, NS1 and NS2A. 

4. The recombinant poxvirus of claim 1 wherein the poxvirus is a 
vaccinia virus. 

5. The recombinant poxvirus of claim 1 wherein the poxvirus is an avipox 
virus . 

6. The recombinant poxvirus of claim 5 wherein the avipox virus is 
canarypox virus. 

7. The recombinant poxvirus of claim 1 wherein the flavivirus is 
Yellow Fever virus . 

8. The recombinant poxvirus of claim 1 wherein the flavivirus is 
Dengue virus. 

9. The recombinant poxvirus of claim 6 wherein the canarypox virus is an 
ALVAC canarypox virus. 

10. The recombinant poxvirus of claim 6 wherein the canarypox virus is 
attenuated through more than 200 serial passages on chick embryo 
fibroblasts, a master seed therefrom was subjected to four successive 
plaque purifications under agar, from which a plaque clone was amplified 
through five additional passages. 

11. The recombinant poxvirus of claim 4 wherein in the vaccinia virus, 
the open reading frames for the thymidine kinase gene, a hemorrhagic 
region, an A type inclusion body region, a hemagglutinin gene, a host 
range gene region and a large subunit, ribonucleotide reductase have 
been deleted therefrom, or regions C7L-K1L, J2R, B13R+B14R, A26L, A56R, 
and I4L have been deleted therefrom. 



12. The recombinant poxvirus of claim 4 wherein the vaccinia virus is a 
NYVAC vaccinia virus. 



13. The recombinant poxvirus of claim 1 which is vCP127 or vCP107. 

14. The recombinant poxvirus of claim 1 wherein the DNA comprises DNA 
encoding C-terminal amino acids of C. 

15. The recombinant poxvirus of claim 1 wherein the DNA further 
comprises DNA encoding NS2b. 

16. An immunological composition comprising a carrier and a recombinant 
poxvirus according to any one of claims 1-15, wherein the composition is 
effective to induce an immunological response in a a host. 

17. A method for producing a flavivirus structural protein comprising 
introducing into a cell a recombinant poxvirus, transforming cell with 
the expression vector, cultivating the transformed cell under conditions 
which allow expression of the recombinant poxvirus, and further 
purifying the protein as claim in any one of claims 1-15. 
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AB What is described is a recombinant poxvirus, such as vaccinia virus, 

fowlpox virus and canarypox virus, containing foreign DNA from 
flavivirus, such as Japanese encephalitis virus, yellow fever 
virus and Dengue virus. In a preferred embodiment, the recombinant 
poxvirus generates an extracellular particle containing flavivirus E 
and M proteins capable of inducing neutralizing antibodies, 
hemagglutination-inhibiting antibodies and protective immunity against 
flavivirus infection. What is also described is a vaccine containing 
the recombinant poxvirus for inducing an immunological response in a 
host animal inoculated with the vaccine. 

CLM What is claimed is: 

1. A recombinant avipox virus comprising DNA coding for Japanese 
encephalitis virus protein M or a precursor to protein M, and 
Japanese encephalitis virus protein B, NS1 and NS2A, in a 



2. A recombinant avipox virus as in claim 1 wherein the avipox virus is 
canarypox virus. 

3. A recombinant avipox virus as in claim 2 wherein the canarypox virus 
is ALVAC or a canarypox virus attenuated through more than 200 serial 
passages on chick embryo fibroblasts, subjected to four successive 
plaque purifications, and amplified through five additional serial 
passages . 

4. A recombinant avipox virus comprising DNA from Japanese 
encephalitis virus (JEV) in a nonessential region of the avipox 
genome, wherein the DNA comprises the part of the JEV open reading frame 
extending from prM to NS2a. 

5. A recombinant avipox virus as in claim 4, wherein the part of the JEV 
open reading frame further comprises the DNA encoding 15 C-terminal 
amino acids of C. 

6. A recombinant avipox virus as in claim 4, wherein the part of the JEV 
open reading frame further comprises NS2b. 

7. The recombinant avipox virus of claim 4 which is a canarypox virus 
which is ALVAC or a canarypox virus attenuated through more than 200 
serial passages on chick embryo fibroblasts, subjected to four 
successive plaque purifications, and amplified through five additional 
serial passages. 

8. An immunological composition comprising a carrier and an avipox virus 
according to claim 1, wherein the composition is effective to induce an 
immunological response in a host animal. 

9. An immunological composition comprising a carrier and an avipox virus 
according to claim 3, wherein the composition is effective to induce an 
immunological response in a host animal. 

10. An immunological composition comprising a carrier and an avipox 
virus according to claim 4, wherein the composition is effective to 
induce an immunological response in a host animal. 

11. An immunological composition comprising a carrier and an avipox 
virus according to claim 7, wherein the composition is effective to 
induce an immunological response in a host animal. 

12. A vaccine composition comprising a carrier and an avipox virus 
according to claim 1, wherein the composition is effective to induce a 
protective response against Japanese encephalitis virus in a host 
animal . 

13. A vaccine composition comprising a carrier and an avipox virus 
according to claim 3, wherein the composition is effective to induce a 
protective response against Japanese encephalitis virus in a host 
animal . 

14. A vaccine composition comprising a carrier and an avipox virus 
according to claim 4, wherein the composition is effective to induce a 
protective response against Japanese encephalitis virus in a host 
animal . 

15. A vaccine composition comprising a carrier and an avipox virus 
according to claim 7, wherein the composition is effective to induce a 
protective response against Japanese encephalitis virus in a host 
animal . 

16. The recombinant avipox virus of claim 4 which is vcP107. 
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AB What is described is a recombinant poxvirus, such as vaccinia virus, 

fowlpox virus and canarypox virus, containing foreign DNA from 
flavivirus, such as Japanese encephalitis virus, yellow fever 
virus and Dengue virus. In a preferred embodiment, the recombinant 
poxvirus generates an extracellular particle containing flavivirus E 
and M proteins capable of inducing neutralizing antibodies, 



flavivirus infection. What is also described is a vaccine containing 
the recombinant poxvirus for inducing an immunological response in a 
host animal inoculated with the vaccine. 
CLM What is claimed is: 

1 . A recombinant vaccinia virus comprising DNA coding for Japanese 
encephalitis virus protein M or a precursor to protein M, and 
Japanese encephalitis virus proteins E, NS1 and NS2A, in a 
nonessential region of the vaccinia genome. 

2. The recombinant vaccinia virus of claim 1 wherein regions C7L-K1L, 
J2R, B13R+B14R, A26L, A56R, and I4L have been deleted therefrom. 

3. The recombinant vaccinia virus of claim 1 wherein the open reading 
frames for the thymidine kinase gene, the hemorrhagic region, the A type 
inclusion body region, the hemagglutinin gene, the host range gene 
region, and the large subunit, ribonucleotide reductase have been 
deleted therefrom. 

4 . An immunological composition which induces an immunological response 
in a host animal inoculated with said composition comprising a carrier 
and a recombinant vaccinia virus as claimed in claim 1. 

5. An immunological composition which induces an immunological response 
in a host animal inoculated with said composition comprising a carrier 
and a recombinant vaccinia virus as claimed in claim 2. 

6. A recombinant vaccinia virus as in claim 2 wherein the poxvirus is a 
NYVAC recombinant vaccinia virus. 

7. An immunological composition which induces an immunological response 
in a host animal inoculated with said composition comprising a carrier 
and a recombinant vaccinia virus as claimed in claim 6. 

8. An immunological composition which induces an immunological response 
in a host animal inoculated with said composition comprising a carrier 
and a recombinant vaccinia virus as claimed in claim 3. 

9. A recombinant vaccinia virus as in claim 3 wherein the vaccinia virus 
is a NYVAC recombinant vaccinia virus. 

10. A vaccine which induces an immunological response in a host animal 
inoculated with said vaccine, said vaccine comprising a carrier and a 
recombinant vaccinia virus as claimed in claim 7. 

11 . A recombinant vaccinia virus as in claim 1 which is selected from 
the group consisting of vP650, vP555, and vP908. 

12. A vaccine which induces an immunological response in a host animal 
inoculated with said vaccine, said vaccine comprising a carrier and a 
recombinant vaccinia virus as claimed in claim 1. 

13. A vaccine which induces an immunological response in a host animal 
inoculated with said vaccine, said vaccine comprising a carrier and a 
recombinant vaccinia virus as claimed in claim 2. 

14. A vaccine for which induces an immunological response in a host 
animal inoculated with said vaccine, said vaccine comprising a carrier 
and a recombinant vaccinia virus as claimed in claim 3. 

15. A recombinant vaccinia virus wherein regions C7L-K1L, J2R, 
B13R+B14R, A26L, A56R, and I4L have been deleted therefrom, and further 
comprising DNA from Japanese encephalitis virus in a non-essential 
region of the vaccinia genome. 

16. A recombinant vaccinia virus as in claim 15 wherein the vaccinia 
virus is a NYVAC recombinant vaccinia virus. 

17. A recombinant vaccinia virus wherein the open reading frames for the 
thymidine kinase gene, the hemorrhagic region, the A type inclusion body 
region, the hemagglutinin gene, the host range gene region, and the 
large subunit, ribonucleotide reductance have been deleted therefrom, 
and further comprising DNA from Japanese encephalitis virus in a 
non-essential region of the vaccinia genome . 

18. A recombinant vaccinia virus as in claim 17 wherein the vaccinia 
virus is a NYVAC recombinant vaccinia virus. 

19. A recombinant vaccinia virus as claimed in claim 17 which is: vP923. 

20. A recombinant vaccinia virus comprising DNA from Japanese 
encephalitis virus in a nonessential region of the vaccinia genome 
wherein the DNA codes for a precursor to Japanese encephalitis virus 



NS2A; or, the DNA codes for Japanese encephalitis virus proteins NS1 
and NS2A; or, the DNA codes for Japanese encephalitis virus proteins 
NS1, NS2A and NS2B. 

21. A recombinant vaccinia virus as claimed in claim 20 which is: vP825, 
vP857 or vP864. 

22. A recombinant vaccinia virus as in claim 6 which is vP908 . 
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AB What is described is a modified vector, such as a recombinant poxvirus, 

particularly recombinant vaccinia virus, having enhanced safety. The 
modified recombinant virus has nonessential virus-encoded genetic 
functions inactivated therein so that virus has attenuated virulence. In 
one embodiment, the genetic functions are inactivated by deleting an 
open reading frame encoding a virulence factor. In another embodiment, 
the genetic functions are inactivated by insertional inactivation of an 
open reading frame encoding a virulence factor. What is also described 
is a vaccine containing the modified recombinant virus having 
nonessential virus-encoded genetic functions inactivated therein so that 
the vaccine has an increased level of safety compared to known 
recombinant virus vaccines. 

CLM What is claimed is: 

1. A recombinant vaccinia virus wherein regions C7L.-K1L, J2R, 
B13R+B14R, A26L, A56R and I4L have been deleted therefrom, and further 
comprising exogenous coding DNA from a non-vaccinia source in a 
nonessential region of the vaccinia genome. 

2. A recombinant vaccinia virus wherein the open reading frames for the 
thymidine kinase gene, the hemorrhagic region, the A type inclusion body 
region, the hemagglutinin gene, the host range gene region, and, the 
large subunit, ribonucleotide reductase have been deleted therefrom, and 
further comprising exogenous coding DNA from a non-vaccinia source in a 
nonessential region of the vaccinia genome. 

3. A recombinant vaccinia virus as claimed in claim 2 wherein the 
non-vaccinia source is selected from the group consisting of rabies 
virus, Hepatitis B virus, yellow fever virus, Dengue virus, 
pseudorabies virus, Epstein-Barr virus, herpes simplex virus, simian 
immunodeficiency virus, equine herpes virus, bovine herpes virus, bovine 
viral diarrhea virus, human cytomegalovirus, canine parvovirus, equine 
influenza virus, feline leukemia virus, feline herpes virus, Hantaan 
virus, C. tetani, avian influenza virus, mumps virus and Newcastle 
Disease virus. 

4. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is rabies virus and the recombinant vaccinia virus 
is vP879 or vP999. 

5. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is Hepatitis B virus and the recombinant vaccinia 
virus is vP856, vP896, vP897, vP858, vP891, vP932, vP975, vP930, vP919, 
vP941 or vP944 . 

6. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is yellow fever virus and the recombinant 
vaccinia virus is vP766, vP764, vP869, vP729, vP725, vP997, or vP984 . 

7. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is Dengue virus and the recombinant vaccinia virus 
is vP867, vP962 or vP955. 



non-vaccinia source is pseudorabies virus and the recombinant vaccinia 
virus is vP881, vP883, vP900, vP912, vP925, vP915 or vP916. 

9. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is Epstein-Barr virus and the recombinant vaccinia 
virus is vP941 or vP944. 

10. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is herpes simplex virus and the recombinant vaccinia 
virus is vP914 . 

11. A recombinant vaccinia virus as claimed in claim 3, wherein the 
non-vaccinia source is simian immunodeficiency virus and the recombinant 
vaccinia virus is vP873, vP948, vP943, vP942, vP952, vP948, vP1042, 
VP1071, vP943, vP942, vP952 or vP1050. 

12. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is equine herpes virus and the recombinant vaccinia 
virus is vP1043, VP1025 or vP956. 

13. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is bovine herpes virus and the recombinant vaccinia 
virus is vP1051, vP1074, vP1073, vP1083, vP1087 or VP1079. 

14. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is bovine viral diarrhea virus and the recombinant 
vaccinia virus is vP972, vP1017 or vP1097. 

15. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is human cytomegalovirus and the recombinant 
vaccinia virus is vPlOOl. 

16. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is canine parvovirus and the recombinant vaccinia 
virus is vP998 or vP999. 

17. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is equine influenza virus and the recombinant 
vaccinia virus is vP961 or vP1063. 

18. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is feline leukemia virus and the recombinant 
vaccinia virus is vPlOll. 

19. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is Hantaan virus and the recombinant vaccinia virus 
is vp882, VP950 or vP951 . 

20. A recombinant vaccinia virus as claimed in claim 3 wherein the 
non-vaccinia source is C. tetani and the recombinant vaccinia virus is 
vpl075. 

21. An immunological composition for inducing an immunological response 
in a host inoculated with the composition, said composition comprising a 
carrier and a recombinant virus as claimed in any one of claims 2, 33, 
44, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. 

22. A method for expressing a gene product in a cell cultured in vitro, 
which method comprises introducing into the cell a modified recombinant 
virus as claimed in claim 2. 
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TI New isolated mutant flavivirus polypeptide, which exhibits measurably 

reduced antibody cross-reactivity, for treating or preventing flavivirus 
infection, e.g. dengue virus infection. 
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IN CHANG, G J; CRILL, W D 
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PI WO 2006025990 A2 20060309 (200621)* EN 151 
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ADT WO 2006025990 A2 WO 2005-US26672 20050727 

PRAI US 2004-591898P 20040727 

AB WO2006025990 A UPAB: 20060328 

NOVELTY - An isolated mutant flavivirus polypeptide comprising any of 3 
fully defined 495-501 amino acid sequences (SEQ ID NO: 14, 81, or 85), 
given in the specification, where at least one of the amino acids at 
position 104, 106, 107, 126, 226, or 231 is substituted compared to a 
wild-type flavivirus polypeptide, and where the polypeptide exhibits 
measurably reduced antibody cross-reactivity, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) an isolated nucleic acid molecule encoding the polypeptide; 

(2) a recombinant nucleic acid molecule comprising a regulatory 
sequence operably linked to the nucleic acid molecule; 

(3) a cell comprising the recombinant nucleic acid molecule; 

(4) a virus-like particle comprising the new polypeptide; 

(5) a method for identifying a flavivirus cross-reactive epitope; 

(6) a composition comprising the polypeptide or the nucleic acid 
vector, where the vector comprises the nucleic acid molecule, and carrier; 

(7) a method of eliciting an immune response against a flavivirus 
antigenic epitope in a subject ; 

(8) a method of detecting a flavivirus antibody in a sample; 

(9) a method of diagnosing a flavivirus infection in a subject; 

(10) a flavivirus E-glycoprotein engineered to comprise at least 
one of the amino acid residue substitutions; and 

(11) a kit for detecting a flavivirus in a sample comprising the 
new polypeptide. 

ACTIVITY - Virucide. No biological data given. 
MECHANISM OF ACTION - Gene therapy. 

USE - The mutant flavivirus polypeptides and nucleic acids are 
useful for eliciting an immune response against a flavivirus and for 
detecting flaviviral infection in humans. They can also be used for 
inhibition or treatment of flaviviral infection, e.g. dengue virus 
infection, yellow fever virus infection, Japanese encephalitis 
virus infection, St. Louis encephalitis virus infection, or West Nile 
virus infection (claimed). 
Dwg. 0/3 



LI 8 ANSWER 2 OF 3 WPIDS COPYRIGHT 2006 THE THOMSON CORP on STN 
Full Text 

AN 2003-058572 [05] WPIDS 
CR 2000-072885 [06] 

DNN N2003-045382 DNC C2003-015067 

TI Novel isolated nucleic acid useful as vaccine for preventing flavivirus 

infection, comprises transcriptional unit encoding signal sequence of one 
flavivirus and immunogenic flavivirus antigen of a second flavivirus. 
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US 2005163804 Al 20050728 (200550) 
MX 2003008838 Al 20041201 (200561) 

ADT WO 2002081754 Al WO 2002-US10764 20020404; EP 1383931 Al EP 2002-763960 

20020404, WO 2002-US10764 20020404; BR 2002008301 A BR 2002-8301 20020404, 
WO 2002-US10764 20020404; KR 2003092051 A KR 2003-713021 20031002; AU 
2002307147 Al AU 2002-307147 20020404; CN 1500152 A CN 2002-807758 
20020404; JP 2004532023 W JP 2002-579516 20020404, WO 2002-US10764 
20020404; NZ 529106 A NZ 2002-529106 20020404, WO 2002-US10764 20020404; 
ZA 2003007580 A ZA 2003-7580 20030929; US 2005163804 Al Cont of US 
2001-826115 20010404, WO 2002-US10764 20020404, US 2004-500796 20040706; 
MX 2003008838 Al WO 2002-US10764 20020404, MX 2003-8838 20030929 

FDT EP 1383931 Al Based on WO 2002081754; BR 2002008301 A Based on WO 

2002081754; AU 2002307147 Al Based on WO 2002081754; JP 2004532023 W Based 
on WO 2002081754; NZ 529106 A Based on WO 2002081754; MX 2003008838 Al 
Based on WO 2002081754 

PRAI US 2001-826115 20010404; US 2004-500796 20040706 

AB WO 200281754 A UPAB: 20050923 

NOVELTY - An isolated nucleic acid (I) comprising a transcriptional unit 
encoding a signal sequence of a structural protein of a first flavivirus 
and an immunogenic flavivirus antigen of a second flavivirus, where 
the transcriptional unit directs the synthesis of the antigen, is new. 
DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) a cell (II) comprising (I); 

(2) a composition (III) comprising (I) and a pharmaceutical^ 
acceptable carrier; 

(3) an antigen (IV) produced from (I); and 

(4) an antibody (V) produced in response to immunization by (IV). 
ACTIVITY - Virucide. 

MECHANISM OF ACTION - Vaccine (claimed). 

Three-day (mixed sex) or 3-week-old (female) ICR outbred mice, 10 per 
group, were vaccinated intramuscularly with 50 or 100 mu g of nucleic acid 
transcriptional unit (TU) -containing vaccine constructs, or subcutaneously 
with doses of JE-VAX that were one-tenth or one-fifth the dose given to 
humans. 3-day old vaccinated groups were challenged 7 weeks after 
vaccination by intraperitoneal injection of 50000 plaque forming units 
(pfu)/100 mu 1 of the mouse -adapted Japanese encephalitis virus 
(JEV) strain SA14 and observed for 3 weeks. 100% protection was achieved 
in groups that received various nucleic acid TU-containing vaccine 
constructs for up to 21 days. In contrast, 60% of the JE-VAX -vaccina ted 
mice did not survive virus challenge by 21 days. These results indicated 
that the nucleic acid TU's of conferred effective protection on vaccinated 
mice. This suggested the possibility of employing the nucleic acid vaccine 
as an early childhood vaccine for humans. In contrast, JE-VAX, the 
inactivated human vaccine currently used, did not appear to be effective 
in young animals. 

USE - (III) is useful for immunizing a subject against infection by a 
flavivirus, by administering an effective amount of (III) to the 
subject. (IV) is useful for detecting flavivirus antibody in a sample, 
by contacting the sample with (IV) under conditions to form an 
antigen/antibody complex, and detecting antigen/antibody complex 
formation, thus detecting a flavivirus antibody in the sample. (V) is 
useful for detecting a flavivirus antigen in a sample, by contacting the 
sample with (V) under conditions to form an antigen/antibody complex, and 
detecting antigen/antibody complex formation, thus detecting a 
flavivirus antigen in the sample. (IV) or (V) is useful for diagnosing a 
flavivirus infection in a subject, by contacting the sample from the 
subject with (IV) or (V) under conditions to form an antigen/antibody 
complex, and detecting antigen/antibody complex formation, therefore 
diagnosing a flavivirus infection in the subject (claimed). (I) is 
useful as a vaccine for preventing flavivirus infection. 

ADVANTAGE - (I) is easy to prepare and administer and is stable in 
storage prior to use. (I) is essentially 100% successful in conferring 
protective immunity in mammals after administering only a single dose. The 
nucleic acid transcriptional unit is able to engender immunity to a 
flavivirus in a female mammal which can be transmitted its progeny to 
the milk. 
Dwg . 0/ 8 
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TI Novel nucleic acid for use in vaccines. 
DC B04 D16 
IN CHANG, G J 

PA (USSH) US DEPT HEALTH & HUMAN SERVICES; (USSH) US CENTERS DISEASE CONTROL 

& PREVENTION; (CHAN-I) CHANG G J 
CYC 86 

PI WO 9963095 Al 19991209 (200006)* EN 58 

RW: AT BE CH CY DE DK EA ES FI FR GB GH GM GR IE IT KE LS LU MC MW NL 
OA PT SD SE SL SZ UG ZW 



GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU 
LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR 
TT UA UG US UZ VN YU ZA ZW 

AU 9943296 A 19991220 (200021) 

BR 9910830 A 20010213 (200114) 

EP 1084252 Al 20010321 (200117) EN 

R: DE FR GB NL 

JP 2002517200 W 20020618 (200242) 63 

US 2003022849 Al 20030130 (200311) 

AU 778988 B2 20041223 (200510) 

ADT WO 9963095 Al WO 1999-US12298 19990603; AU 9943296 A AU 1999-43296 

19990603; BR 9910830 A BR 1999-10830 19990603, WO 1999-US12298 19990603; 

EP 1084252 Al EP 1999-955295 19990603, WO 1999-US12298 19990603; JP 

2002517200 W WO 1999-US12298 19990603, JP 2000-552289 19990603; US 

2003022849 Al Provisional US 1998-87908P 19980604, CIP of WO 1999-US12298 

19990603, US 2001-826115 20010404, CIP of US 2001-701536 20010618; AU 

778988 B2 AU 1999-43296 19990603 
FDT AU 9943296 A Based on WO 9963095; BR 9910830 A Based on WO 9963095; EP 

1084252 Al Based on WO 9963095; JP 2002517200 W Based on WO 9963095; AU 

778988 B2 Previous Publ . AU 9943296, Based on WO 9963095 
PRAI US 1998-87908P 19980604; US 2001-826115 20010404; 

US 2001-701536 20010618 
AB WO 9963095 A UPAB: 20050928 

NOVELTY - Nucleic acid molecule (I) comprises a transcription unit (TU) 

for an immunogenic flavivirus antigen (Ag) . When incorporated into a 

host cell, TU directs synthesis of Ag. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 

following : 

(1) host cells containing (I); and 

(2) vaccines containing (I) plus a carrier. 
ACTIVITY - Antiviral. 

MECHANISM OF ACTION - Vaccine. 

USE - (I) are used in vaccines to protect against flavivirus 
infection. Also (not claimed) (I) can be used to produce Ag for analytical 
or diagnostic applications. Plasmid pCBJEl-14 contains a fragment of 
nucleic acid encoding the pre-M and E proteins of Japanese 
encephalitis virus (JEV) cloned into pCBamp. It was administered 
intramuscularly (50-100 mu g) to 3-day old mice. After 7 weeks all animals 
were seropositive for JEV and all were protected against subsequent 
challenge by the mouse-adapted SA14 strain of JEV (contrast 40% survival 
for animals inoculated with the commercial vaccine JE-VAX) . 

ADVANTAGE - (I) makes possible inexpensive and safe production of a 
storage-stable vaccine that has minimal risk of causing adverse 
immunological reactions to impurities. The vaccines elicit neutralizing 
antibodies and protective immunity very effectively (i.e. 100% 
protection), and since they contain only part of the viral genome they 
can not cause infection in those manufacturing or receiving them. The 
immunity conferred by the vaccine is transmitted to offspring through the 
milk . 
Dwg. 0/8 
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TI Use of recombinant lentiviral vector for vaccination against infections by 

Flaviviridae, e.g. West Nile virus, dengue, yellow fever and hepatitis C. 
DC B04 C06 D16 

IN CHARNEAU, P; DESPRES, P; FRENKIEL, M P; TANGY, F; FRENKIEL, M 

PA (CNRS) CNRS CENT NAT RECH SCI; (INSP) INST PASTEUR; (CNRS) CENT NAT RECH 

SCI 
CYC 111 

PI FR 2870126 Al 20051118 (200578)* 61 

WO 2005111221 Al 20051124 (200578) EN 
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ADT FR 2870126 Al FR 2004-5366 20040517; WO 2005111221 Al WO 2005-IB1753 
20050516 

PRAI FR 2004-5366 20040517 

AB FR 2870126 A UPAB: 20051205 

NOVELTY - Use of a recombinant lentiviral vector (A) to prepare an 
immunogenic composition for prevention and/or treatment of infections by 
Flaviviridae, where (A) includes a polynucleotide fragment (I) that 
encodes at least one protein (II) from a virus of the family 
Flaviviridae or an immunogenic peptide (Ila), of at least 8 amino acids, 
from (II). 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(1) (A), As defined, that contains a polynucleotide that encodes at 
least one structural protein (or fragment) and optionally a non-structural 
protein (or fragment); 

(2) cells, preferably eukaryotic, modified by (A); 

(3) method for producing proteins of Flaviviridae and/or their 
immunogenic fragments or viral pseudoparticles, by culturing cells of (2); 

(4) method of screening for antiviral compounds using the cells of 

(2); 

(5) method for diagnosing infection by Flaviviridae in a biological 
fluid by detecting antibody-antigen complex formation with the cells of 
(2) or pseudoparticles of (3); and 

(6) kit for methods (4) and (5) that contains the cells of (2). 



MECHANISM OF ACTION - Vaccine / Lentiviral vector TRIP Delta 
U3 . CMV-Es ( WNV) , containing a 1.4 kb cDNA from West Nile virus (WNV), was 
used to immunize mice, at an intraperitoneal dose of 1 mu g. The anti-WNV 
antibody titer was 104 after 14 days and 2 plus or minus 105 after 23 
days, with titer of antibodies that neutralize 90% of WNV loci of 
infections 10 and 20, respectively. 

USE - (A) Are used to produce immunogenic compositions (vaccines) for 
treatment and/or prevention of Flaviviridae infections in humans and 
animals, particularly West Nile virus, dengue, yellow fever and 
hepatitis C. 

Cells transformed with (A) are useful: 

(i) for preparing proteins, or their immunogenic fragments, from 
Flaviviridae; 

(ii) in screening for antiviral agents; and 

(iii) to diagnose Flaviviridae infections. 

ADVANTAGE - (A} Induces a strong response; particularly it targets 
antigen-presenting cells and {1} becomes integrated into the genome, 
ensuring stable expression in vivo, especially in dendritic cells, 
eliminating the need for repeated administrations. (A) Is non-replicative; 
non-tumorigenic; not species restricted and does not require adjuvants. 
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monoclonal antibody that binds or neutralizes dengue type 1, 2, 3, 
and/or 4 virus, useful for treatment and diagnosis of dengue. 

DC B04 D16 

IN LAI, C; PURCELL, R H 
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CYC 108 

PI WO 2005056600 A2 20050623 (200546)* EN 121 
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ADT WO 2005056600 A2 WO 2004-US40674 20041203 

PRAI US 2004-624261P 20041101; US 2003-528161P 20031208; 

US 2004-541676P 20040204; US 2004-552528P 20040312; 

US 2004-574492P 20040526 

AB WO2005056600 A UPAB: 20050720 

NOVELTY - A substantially pure polypeptide (I) comprising (a) a fully 
human or humanized chimpanzee monoclonal antibody that binds or 
neutralizes dengue type 1, 2, 3, and/or 4 virus, (b) a monoclonal 
antibody that binds the antigen to which monoclonal antibody 5H2 (ATCC 
Accession No. PTA-5662) binds, or (c) a monoclonal antibody that binds the 
antigen to which monoclonal antibody 1A5 (ATCC Accession No. PTA-6265) 
binds, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) an isolated nucleic acid (II) comprising a nucleotide sequence 
encoding (I); 

(2) a host cell including a vector comprising (II); 

(3) a pharmaceutical preparation (III) comprising a carrier and (I); 

(4) a diagnostic preparation (IV) comprising a carrier and (I); 

(5) humanized IgGl 5H2 plasmid deposited with ATCC as ATCC Accession 
No. PTA-5662 ; 

(6) humanized IgGl 1A5 plasmid deposited with ATCC as ATCC Accession 
No. PTA-6265; and 

(7) pFab CMV-dhfr vector for expression of any full-length IgGl 
deposited with ATCC as PTA-5662. 

ACTIVITY - Virucide. 

The neutralization of DENV-2/ DENV-4 chimeras by Fab 1A5 was 
determined. DENV-2/ DENV-4 chimeras composed of the parental DENV-2 NGB 
C-prM-E sequence of the variant C-prM-E sequence specifying the 
His317Gln or Glyl06Val substitution present in NGB-V1 and NGB-V2, were 
prepared. Fab 1A5 neutralized the chimeric DENV-2 (NGB- P) /DENV-4 at a 
PRNT50 titer of 0.64 micro g/ml. The chimera containing Glyl06Val had a 
PRNT50 titer of greater than 70 micro g/ml and the chimera containing 
His317Gln had a PRNT50 titer of 31.7 micro g/ml, similar to that measured 
for NGB-V2 and NGB-V1, respectively. 

MECHANISM OF ACTION - Viral neutralization. 

USE - (I) is useful as pharmaceutical preparation and a diagnostic 
preparation for treatment and diagnosis of dengue virus disease. (Ill) 
is useful in treatment of and prophylaxis against dengue virus disease, 
which involves administering (III) to the patient. (IV) is useful in the 



the patient, and detecting binding of (I) as a determination of the 
presence of dengue virus disease. (IV) is useful for detecting the 
presence of dengue virus in a biological sample, which involves 
contacting the sample with (IV) and assaying binding of (I) as a 
determination of the dengue virus (all claimed). 
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ADT WO 2004108936 Al WO 2004-AU752 20040607; AU 2004245578 Al AU 2004-245578 
20040607; EP 1633877 Al EP 2004-736184 20040607, WO 2004-AU752 20040607 

FDT AU 2004245578 Al Based on WO 2004108936; EP 1633877 Al Based on WO 
2004108936 

PRAI AU 2003-902842 20030606 

AB WO2004108936 A UPAB: 20050112 

NOVELTY - A packaging construct for regulatable expression of flavivirus 
structural proteins in an animal cell comprising a regulatable promoter 
operably linked to a nucleotide sequence encoding a flavivirus 
structural protein translation product that comprises C protein, prM 
protein and E protein, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) a packaging cell comprising the packaging construct, and/or a 
tetracycline transactivator construct; 

(2) a flaviviral packaging system comprising the packaging 
construct; and a flaviviral expression construct comprising a 
flaviviral replicon, a heterologous nucleic acid, and a promoter 
operably linked to the replicon; 

(3) a packaging cell comprising the flaviviral packaging system; 

(4) producing flavivirus VLPs; 

(5) flaviviral VLPs produced by the method; 

(6) an immunotherapeutic composition comprising the VLPs and a 
diluent or excipient; 

(7) producing a recombinant protein; and 

(8) immunizing an animal. 
ACTIVITY - None given. 
MECHANISM OF ACTION - Vaccine. 

USE - The packaging construct is useful for regulatable expression of 
flavivirus structural proteins in an animal cell (claimed) . 
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PRAI US 2003-320108P 20030415; US 2003-319964P 20030221 

AB WO2004076664 A UPAB: 20041001 

NOVELTY - A vector comprising expression cassettes, which have at least 
one gene promoting and suppressing cassette comprising a first and a 
second polynucleotide operably linked to a first and a second promoter 
sequence, respectively, where the second polynucleotide encodes a short 
interfering RNA (siRNA) molecule that reduces expression of a target gene 
by RNA interference, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) modulating the expression of multiple genes within a host; 

(2) inhibiting the expression of Dengue virus genes within a host; 

(3) a pharmaceutical composition comprising the novel vector and a 
pharmaceutical carrier; and 

(4) producing a vector for modulating the expression of multiple 
genes or for inhibiting the expression of Dengue virus. 

ACTIVITY - Virucide. 

No biological data given. 

MECHANISM OF ACTION - Gene Therapy. 

USE - The vector, methods, and composition are useful for regulating 
gene expression and for preventing or treating Dengue virus infection. 
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2004593406. PubMed ID: 15566752. Detection of yellow fever virus by 

polymerase chain reaction. Brown T M; Chang G J; Cropp C B; Robbins K E; 
Tsai T F. (Division of Vector-Borne Infectious Diseases, National Centers 
for Infectious Diseases, Centers for Disease Control, P.O. Box 2087, Fort 
Collins, CO 80522, USA. ) Clinical and diagnostic virology, (1994 Feb) 
Vol. 2, No. 1, pp. 41-51. Journal code: 9309653. ISSN: 0928-0197. Pub. 
country: Netherlands. Language: English. 

AB BACKGROUND: Yellow fever virus continues to cause major epidemics. A 



in order to implement emergency immunization campaigns. OBJECTIVES : To 
identify YFV envelope protein gene fragments, construct a polymerase chain 
reaction (PCR) assay and test its utility in identifying viruses isolated 
from laboratory and clinical specimens. STUDY DESIGN: YFV RNA was 
transcribed with reverse transcriptase and the cDNA amplified by PCR using 
primers encoding a portion of the viral envelope protein gene. The 
identity of the 482 bp amplified product was confirmed by restriction 
enzyme analysis and by dot blot hybridization with a labelled 
oligonucleotide probe. The assay was tested for sensitivity and 
specificity on isolates from South America and Africa. Detection limits 
were determined using different probe labels. PCR inhibitory effects were 
analyzed with laboratory and clinical specimens. RESULTS: The assay was 
specific for YFV and did not detect any of 15 other f lavi viruses . The 
amplified region was conserved among all 32 South American and African 
isolates tested. Four strains from Africa did not hybridize with the 
probe, indicating sequence divergence in the envelope protein gene. 
Samples containing 30 pfu of virus were detected by visual inspection of 
the ethidium bromide stained 482 bp DNA amplimer and 10 pfu were detected 
with a digoxigenin labelled probe. Inhibitory effects of human serum on 
the PCR were overcome by diluting samples 4 -fold in buffer. Viral 
neutralizing antibody in experimental samples did not affect the 
sensitivity of detection. Yellow fever virus in serum from 
experimentally infected Cynomolgus monkeys ( 10 ( 3 . 7 ) -10 ( 7 . 0 ) pfu/0.1 ml) 
was detected with signal intensities corresponding to the amount of virus 
in the sample. When YFV was added to normal human serum and held at 27 
degrees C and 80% humidity, the RNA could be detected for up to 3 weeks in 
samples that had no infectious virus. CONCLUSIONS: A PCR assay was 
constructed which detected YFV RNA in isolates from patients infected in 
South America and Africa. This assay is specific for YFV but some African 
strains were not detected. More clinical samples should be tested. 
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1998284223. PubMed ID: 9621203. Molecular and epidemiologic analysis of 
dengue virus isolates from Somalia. Kanesa-thasan N; Chang G J; Smoak 
B L; Magill A; Burrous M J; Hoke C H Jr. (Walter Reed Army Institute of 
Research, Washington, DC 20307-5100, USA. . ma j . niranj an . kanesa@wrsmtp- 
ccmail-army.mil) . Emerging infectious diseases, (1998 Apr-Jun) Vol. 4, 
No. 2, pp. 299-303. Journal code: 9508155. ISSN: 1080-6040. Pub. country: 
United States. Language: English. 

AB Nucleotide sequence analysis was performed on 14 dengue virus isolates 
(13 dengue-2 viruses and 1 dengue-3 virus) recovered from febrile 
soldiers in Somalia in 1993. The dengue-2 viruses were most closely 
related to dengue-2 virus recovered in Somalia in 1984. However, 
differences in nucleotide sequence (0.35% to 1.35%) were evident among the 
1993 isolates. These differences were closely associated with the 
geographic location of the infection as well as with different times of 
infection at the same location. Genetic difference between strains was 
not associated with differences in clinical features. Molecular analysis 
of dengue viruses is a useful adjunct to epidemiologic investigation of 
their distribution over distance and time. 
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1998080391. PubMed ID: 9420202. Phylogeny of the genus Flavivirus. Kuno 
G; Chang G J; Tsuchiya K R; Karabatsos N; Cropp C B. (Division of 
Vector-Borne Infectious Diseases, National Center for Infectious Diseases, 
Centers for Disease Control and Prevention, Fort Collins, Colorado 
80522-2087, USA.. GOKl@CDC.GOV) . Journal of virology, (1998 Jan) Vol. 
72, No. 1, pp. 73-83. Journal code: 0113724. ISSN: 0022-538X. Pub. 
country: United States. Language: English. 

AB We undertook a comprehensive phylogenetic study to establish the genetic 
relationship among the viruses of the genus Flavivirus and to compare 
the classification based on molecular phylogeny with the existing 
serologic method. By using a combination of quantitative definitions 
(bootstrap support level and the pairwise nucleotide sequence identity), 
the viruses could be classified into clusters, clades, and species. Our 
phylogenetic study revealed for the first time that from the putative 
ancestor two branches, non-vector and vector-borne- virus clusters, evolved 
and from the latter cluster emerged tick-borne and mosquito-borne virus 
clusters. Provided that the theory of arthropod association being an 
acquired trait was correct, pairwise nucleotide sequence identity among 
these three clusters provided supporting data for a possibility that the 
non-vector cluster evolved first, followed by the separation of tick-borne 
and mosquito-borne virus clusters in that order. Clades established in 
our study correlated significantly with existing antigenic complexes. We 
also resolved many of the past taxonomic problems by establishing 
phylogenetic relationships of the antigenically unclassified viruses with 
the well-established viruses and by identifying synonymous viruses. 
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1998063965. PubMed ID: 9402373. Imported yellow fever in a United 

States citizen. McFarland J M; Baddour L M; Nelson J E; Elkins S K; Craven 
R B; Cropp B C; Chang G J; Grindstaff A D; Craig A S; Smith R J. 



Tennessee Medical Center at Knoxville, 37920-6999, USA. ) Clinical 
infectious diseases : an official publication of the Infectious Diseases 
Society of America, (1997 Nov) Vol. 25, No. 5, pp. 1143-7. Journal 
code: 9203213. ISSN: 1058-4838. Pub. country: United States. Language: 
English. 

AB The last imported case of yellow fever seen in this country was in 
1924. We report a case of yellow fever acquired by an American 
tourist who visited the jungles of Brazil along the Rio Negro and Amazon 
Rivers. The patient died 6 days after hospital admission and 10 days 
after his first symptoms appeared. Yellow fever virus was recovered 
from clinical specimens, and the isolate was genetically similar to the E 
genotype IIB of South American yellow fever viruses. This patient's 
illness represents a case of vaccine-preventable death since he failed to 
be immunized with a recommended preexposure yellow fever vaccine. 
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97288308. PubMed ID: 9143286. Construction of infectious cDNA clones for 
dengue 2 virus: strain 16681 and its attenuated vaccine derivative, 
strain PDK-53. Kinney R M; Butrapet S; Chang G J; Tsuchiya K R; Roehrig 
J T; Bhamarapravati N; Gubler D J. (Division of Vector-Borne Infectious 
Diseases, Centers for Disease Control and Prevention, Fort Collins, 
Colorado, USA. . rmkl@cdc.gov) . Virology, (1997 Apr 14) Vol. 230, No. 2, 
pp. 300-8. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB We identified nine nucleotide differences between the genomes of 

dengue-2 (DEN-2) 16681 virus and its vaccine derivative, strain PDK-53. 
These included a C-to-T ( 16681-to-PDK-53) mutation at nucleotide position 
57 of the 5 1 -untranslated region, three silent mutations, and 
substitutions prM-29 Asp to Val, NS1-53 Gly to Asp, NS2A-181 Leu to Phe, 
NS3-250 Glu to Val, and NS4A-75 Gly to Ala. Unpassaged PDK-53 vaccine 
contained two genetic variants as a result of partial mutation at NS3-250. 
We constructed infectious cDNA clones for 16681 virus and each of the two 
PDK-53 variants. DEN-2 16681 clone-derived viruses were identical to the 
16681 virus in plaque size and replication in LLC-MK2 cells, replication 
in C6/36 cells, E and prM epitopes, and neurovirulence for suckling mice. 
PDK-53 virus and both clone-derived PDK-53 variants were attenuated in 
mice. However, the variant containing NS3-250-Glu was less temperature 
sensitive and replicated better in C6/36 cells than did PDK-53 virus. The 
variant containing NS3-250-Val had smaller, more diffuse plaques, 
decreased replication, and increased temperature sensitivity in LLC-MK2 
cells relative to PDK-53 virus. Both PDK-53 virus and the NS3-250-Val 
variant replicated poorly in C6/36 cells relative to 16681 virus. 
Unpassaged PDK-53 vaccine virus and the virus passaged once in LLC-MK2 
cells had genomes of identical sequence, including the mixed 
NS3-250-Glu/Val locus. Although the NS3-250-Val mutation clearly affected 
virus replication in vitro, it was not a major determinant of attenuation 
for PDK-53 virus in suckling mice. 
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95363991. PubMed ID: 7637022. Nucleotide sequence variation of the 
envelope protein gene identifies two distinct genotypes of yellow 
fever virus. Chang G J; Cropp B C; Kinney R M; Trent D W; Gubler D J. 
(Division of Vector-Borne Infectious Diseases, Centers for Disease Control 
and Prevention, Fort Collins, Colorado 80522, USA. ) Journal of virology, 
(1995 Sep) Vol. 69, No. 9, pp. 5773-80. Journal code: 0113724. ISSN: 
0022-538X. Pub. country: United States. Language: English. 

AB The evolution of yellow fever virus over 67 years was investigated by 

comparing the nucleotide sequences of the envelope (E) protein genes of 20 
viruses isolated in Africa, the Caribbean, and South America. Uniformly 
weighted parsimony algorithm analysis defined two major evolutionary 
yellow fever virus lineages designated E genotypes I and II. E 
genotype I contained viruses isolated from East and Central Africa. E 
genotype II viruses were divided into two sublineages: IIA viruses from 
West Africa and IIB viruses from America, except for a 1979 virus isolated 
from Trinidad (TRINID79A) . Unique signature patterns were identified at 
111 nucleotide and 12 amino acid positions within the yellow fever 
virus E gene by signature pattern analysis. Yellow fever viruses from 
East and Central Africa contained unique signatures at 60 nucleotide and 
five amino acid positions, those from West Africa contained unique 
signatures at 25 nucleotide and two amino acid positions, and viruses from 
America contained such signatures at 30 nucleotide and five amino acid 
positions in the E gene. The dissemination of yellow fever viruses 
from Africa to the Americas is supported by the close genetic relatedness 
of genotype IIA and IIB viruses and genetic evidence of a possible second 
introduction of yellow fever virus from West Africa, as illustrated by 
the TRINID79A virus isolate. The E protein genes of American IIB yellow 
fever viruses had higher frequencies of amino acid substitutions than 
did genes of yellow fever viruses of genotypes I and IIA on the basis 
of comparisons with a consensus amino acid sequence for the yellow 
fever E gene. The great variation in the E proteins of American 
yellow fever virus probably results from positive selection imposed by 
virus interaction with different species of mosquitoes or nonhuman 
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95156016. PubMed ID: 7852952. Homologous and heterologous neutralization 
antibody responses after immunization with Japanese encephalitis 
vaccine among Taiwan children. Ku C C; King C C; Lin C Y; Hsu H C; Chen L 
Y; Yueh Y Y; Chang G J. (Institute of Public Health, National Taiwan 
University, Taipei, Republic of China. ) Journal of medical virology, 
(1994 Oct) Vol. 44, No. 2, pp. 122-31. Journal code: 7705876. ISSN: 
0146-6615. Pub. country: United States. Language: English. 

AB Because 21 immunized children (13%) among the 162 confirmed Japanese 
encephalitis (JE) cases during 1986-1991 occurred in Taiwan, we 
collected 320 serum samples from Taiwan children aged 15-31 and 27-44 
months immediately before the 1st dose (n = 41) and 1-3 months after the 
2nd dose (n = 78, 27 pairs), and immediately before (n = 58) and 1-3 
months after the 3rd dose (n = 143, 44 pairs) to determine neutralization 
antibody (Nt Ab) against the Nakayama (N) and Beijing-1 (B) strains and 
two Taiwan wild type JE viruses ( JEV) : CC-27 and CH-1392. Our Nt results 
showed that (1) B vaccine stimulated a better homologous Ab response than 
N vaccine for Nt Ab seropositivity rate {NASR ) , produced a higher level of 
Nt titer after the primary immunization [2 doses = 100% vs. 91%, geometric 
mean titer (GMT) = 115 vs. 22], had a greater booster effect (3 doses: 
100% vs. 95%; GMT = 320 vs 33), and showed a better capability to 
neutralize two local Taiwan JEV strains, particularly only after 3 doses 
(ave. NASR for B vs . N = 90% vs. 10%; and GMT for B vs . N = 154 vs. 1); 
(2) the two wild type JEV strains had different plaque morphology and 
antigenic variation and the CC-27 strain was not neutralized as well as 
the CH-1392 strain after 3 doses of vaccine (BBB or NNN or NNB); and (3) 
30% of the children had lost JEV Nt Ab one year after the 2nd dose of N 
vaccine and natural infection with JE virus did occur among those children 
after immunization. In conclusion, {1) three doses of mouse-brain vaccine 
are the minimum requirement to protect children against the local Taiwan 
JEV-, (2) the best strain for a JE vaccine depends on level of Nt Ab it 
induced, the molecular epidemiology and antigenic variation of the JEV in 
each local area; and {3) future vaccine must produce better B- and T-cell 
memory. 
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95146982. PubMed ID: 7844560. Molecular basis of attenuation of 

neurovirulence of wild-type Japanese encephalitis virus strain SA14. 
Ni H; Chang G J; Xie H; Trent D W; Barrett A D. (Department of Pathology 
F-05, University of Texas Medical Branch, Galveston 77555-0605. ) The 
Journal of general virology, (1995 Feb) Vol. 76 ( Pt 2 ) , pp. 409-13. 
Journal code: 0077340. ISSN: 0022-1317. Pub. country: ENGLAND: United 
Kingdom. Language: English. 

AB To identify the molecular determinants for attenuation of wild-type 
Japanese encephalitis (JE) virus strain SA14, the RNA genome of 
wild-type strain SA14 and its attenuated vaccine virus SA14-2-8 were 
reverse transcribed, amplified by PCR and sequenced. Comparison of the 
nucleotide sequence of SA14-2-8 vaccine virus with virulent parent SA14 
virus and with two other attenuated vaccine viruses derived from SA14 
virus (SA14-14-2/PHK and SA14-14-2/PDK) revealed only seven amino acids in 
the virulent parent SA14 had been substituted in all three attenuated 
vaccines. Four were in the envelope (E) protein (E-138, E-176, E-315 and 
E-439), one in non-structural protein 2B (NS2B-63) , one in NS3 (NS3-105), 
and one in NS4B (NS4B-106) . The substitutions at E-315 and E-439 arose 
due to correction of the SA14/CDC sequence published previously by 
Nitayaphan et al. (Virology 177, 541-552, 1990). The mutations in NS2B 
and NS3 are in functional domains of the trypsin-like serine protease. 
Attenuation of SA14 virus may therefore, in part, be due to alterations in 
viral protease activity, which could affect replication of the virus. 
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95076700. PubMed ID: 7985409. Nucleotide sequence analysis of the 

structural gene coding region of the pestivirus border disease virus. 
Sullivan D G; Chang G J; Trent D W; Akkina R K. (Department of 
Pathology, Colorado State University, Fort Collins 80523. } Virus 
research, (1994 Sep) Vol. 33, No. 3, pp. 219-28. Journal code: 8410979. 
ISSN: 0168-1702. Pub. country: Netherlands. Language: English. 

AB Border disease virus (BDV) of sheep, an important ovine pathogen, is 

serologically related to the two other well characterized members of the 
Pestivirus genus of the Flaviviridae family, namely bovine viral 
diarrhea virus (BVDV) and hog cholera virus (HoCV) . To determine its 
genetic relationship to BVDV and HoCV, the genome of BDV strain, BD-78 
encompassing the 5' untranslated region (UTR) and structural gene coding 
region was molecularly cloned and the nucleotide sequence determined. The 
sequenced region of 3,567 nucleotides contained one open reading frame 
encoding 1063 amino acids. The nucleotide and amino acid sequences of 
BD-78 were compared with those of two BVDV strains NADL and SD-1, and the 
Alfort and Brescia strains of HoCV. The overall nucleotide sequence 
homologies of the region sequenced of BD-78 are 68.3% with BVDV-NADL, 
67.8% with BVDV-SD-1, 69.0% with HoCV-Brescia, and 65.8% with HoCV-Alfort. 
The overall amino acid sequence homologies of BD-78 are 76.1% with NADL, 



conserved nucleotide and amino acid sequences between BD-78 and the other 
pestivirueses are in the 5 1 UTR and the capsid protein coding region 
(pl4), where as the most divergent sequences are in the E2 coding region. 
These findings suggest that BDV is a unique virus in the Pestivirus genus. 
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94267439. PubMed ID: 8207417. Comparison of nucleotide and deduced amino 
acid sequence of the 5* non-coding region and structural protein genes of 
the wild -type Japanese encephalitis virus strain SA14 and its 
attenuated vaccine derivatives. Ni H; Burns N J; Chang G J; Zhang M J; 
Wills M R; Trent D W; Sanders P G; Barrett A D. (Department of Pathology 
F-05, University of Texas Medical Branch, Galveston 77555-0605. ) The 
Journal of general virology, (1994 Jun) Vol. 75 ( Pt 6), pp. 1505-10. 
Journal code: 0077340. ISSN: 0022-1317. Pub. country: ENGLAND: United 
Kingdom. Language: English. 

AB Nucleotide sequences of the 5* non-coding region and the structural 
protein genes of the live, attenuated Japanese encephalitis vaccine 
virus strains SA14-2-8 and SA14-5-3 and the wild-type parental strain 
SA14/USA were determined. SA14-2-8 differed from SA14/USA by 13 
nucleotides and eight amino acids whereas SA14-5-3 differed from SA14/USA 
by 15 nucleotides and eight amino acids. A comparison of the 5' 
non-coding region and amino acid sequences of the structural proteins of 
these two attenuated vaccine strains and of vaccine strains SA14 -14-2/PHK 
and SA14-14-2/PDK with three sequences of their wild-type parent SA14 
virus was performed. This revealed only two common amino acid 
substitutions at positions 138 and 176 in the envelope (E) protein. The 
substitution at E138 was predicted to cause a change in the secondary 
structure of the E protein. These two amino acid substitutions in the E 
protein may contribute to attenuation of the Japanese encephalitis 
vaccine viruses. 
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94201380. PubMed ID: 7512096. An integrated target sequence and signal 

amplification assay, reverse transcriptase-PCR-enzyme-linlced immunosorbent 
assay, to detect and characterize f lavi viruses . Chang G J; Trent D W; 
Vorndam A V; Vergne E; Kinney R M; Mitchell C J. (Division of Vector-Borne 
Infectious Diseases, Centers for Disease Control and Prevention, Fort 
Collins, Colorado 80522. ) Journal of clinical microbiology, (1994 Feb) 
Vol. 32, No. 2, pp. 477-83. Journal code: 7505564. ISSN: 0095-1137. Pub. 
country: United States. Language: English. 

AB We previously described a reverse transcriptase-PCR using flavivirus 

genus-conserved and virus species-specific amplimers (D. W. Trent and G. 
J. Chang, p. 355-371, in Y. Becker and C. Darai; ed., Frontiers of 
Virology, vol. 1, 1992). Target amplification was improved by redesigning 
the amplimers, and a sensitive enzyme-linked immunosorbent assay (ELISA) 
technique has been developed to detect amplified digoxigenin 
(DIG) -modified DNA. A single biotin motif and multiple DIG motifs were 
incorporated into each amplicon, which permitted amplicon capture by a 
biotin-streptavidin interaction and detection with DIG-specific antiserum 
in a colorimetric ELISA. We evaluated the utility of this assay for 
detecting St. Louis encephalitis (SLE) viral RNA in infected mosquitoes 
and dengue viral RNA in human serum specimens. The reverse 
transcriptase-PCR-ELISA was as sensitive as isolation of SLE virus by cell 
culture in detecting SLE viral RNA in infected mosquitoes. The test was 
89% specific and 95 to 100% sensitive for identification of dengue viral 
RNA in serum specimens compared with isolation of virus by Aedes 
albopictus C6/36 cell culture and identification by the indirect 
immunofluorescence assay. 
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94025587. PubMed ID: 8105605. A comparison of the nucleotide sequences of 
eastern and western equine encephalomyelitis viruses with those of other 
alphaviruses and related RNA viruses. Weaver S C; Hagenbaugh A; Bellew L 
A; Netesov S V; Volchkov V E; Chang G J; Clarke D K; Gousset L; Scott T 
W; Trent D W; +. (Department of Biology, University of California, San 
Diego, La Jolla 92093. ) Virology, (1993 Nov) Vol. 197, No. 1, pp. 
375-90. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB The complete nucleotide sequence of a 1982 Florida strain of eastern 
equine encephalomyelitis (EEE) virus, and partial sequence of the 
nonstructural protein genes of western equine encephalomyelitis (WEE) 
virus, were determined. The EEE virus genome was 11,678 nucleotides in 
length, excluding the cap nucleotide and poly(A) tail, and the nucleotide 
composition was 28% A, 24% G, 25% C, and 23% U. The organization of both 
EEE and WEE virus genomes was like that of other alphaviruses and included 
a termination codon between the nsP3 and nsP4 genes. Codon usage for 10 
of 20 amino acids was nonrandom in the EEE genome, and dinucleotide 
CpG-containing codons were underutilized in both genomes. The slight CpG 
deficiency was similar to that seen in other alphaviruses and plant 
viruses in the alphavirus-like group, but less than that of poliovirus and 
yellow fever virus. This slight deficiency may reflect adaptation for 
replication in both CpG-def icient vertebrates, as well as insects which do 



protein amino acid sequences indicated that alphaviruses evolved from a 
common ancestor which existed a few thousand years ago. An 
intercontinental introduction of an ancestral virus from the Old to New 
World, or vice versa, probably resulted in two main extant groups: one 
includes New World ( EEE and Venezuelan equine encephalitis) viruses, while 
the other includes Old World (Sindbis, Middelburg, 0 f nyong-nyong, Ross 
River, and Semliki Forest) viruses. The position of WEE virus in the 
phylogenetic trees indicated that, in addition to its capsid gene (C. S. 
Hahn et al. (1988) Proc. Natl. Acad. Sci . USA 85, 5997-6001), WEE 
virus acquired its nonstructural genes from an EEE-like ancestor during 
recombination . 
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94025568. PubMed ID: 8212556. Phylogenetic relationships of dengue-2 
viruses. Lewis J A; Chang G J; Lanciotti R S; Kinney R M; Mayer L W; 
Trent D W. (Division of Vector-Borne Infectious Diseases, Centers for 
Disease Control and Prevention, Fort Collins, Colorado 80522. ) Virology, 
(1993 Nov) Vol. 197, No. 1, pp. 216-24. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 

AB RNA oligonucleotide fingerprinting studies on a large number of virus 
isolates previously demonstrated considerable genetic variation in 
isolates of dengue (DEN) -2 serotype. We report the entire envelope (E) 
glycoprotein gene and deduced amino acid sequences of 16 DEN -2 viruses and 
the phylogenetic relationships of these, plus 17 additional published DEN 
E gene sequences. Comparison of DEN -2 E glycoprotein gene sequences 
revealed base substitutions scattered throughout the entire gene with as 
much as 22% sequence divergence. Aligned E glycoprotein amino acid 
sequences revealed the viruses differed by as much as 10%. There appeared 
to be constraints on the overall structure of the E protein to maintain 
biological function. Clusters of amino acid substitutions were present in 
the hydrophobic membrane anchor region at the carboxyl terminal end of the 
protein. Maximum parsimony analysis of the E gene sequences allowed 
construction of a phylogram indicating evolutionary relationships of the 
virus isolates within the DEN -2 serotype. Five genetic subtypes were 
identified. Phylogenetic relationships of the DEN -2 serotype and other 
flaviviruses based on E protein sequences reflected traditional 
antigenic and serologic classifications. 
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92355728. PubMed ID: 1379606. Direct sequencing of large flavivlrus PCR 
products for analysis of genome variation and molecular epidemiological 
investigations. Lewis J G; Chang G J; Lanciotti R S; Trent D W. 
(Division of Vector-Borne Infectious Diseases, Centers for Disease 
Control, Fort Collins, CO 80522. ) Journal of virological methods, (1992 
Jul) Vol. 38, No. 1, pp. 11-23. Journal code: 8005839. ISSN: 0166-0934. 
Pub. country: Netherlands. Language: English. 

AB The polymerase chain reaction (PCR) was used to amplify viral cDNAs from 
selected regions of dengue genomic RNA by using appropriate 'consensus 1 
primers. DNA amplicons containing the structural genes from all 4 
dengue serotypes were prepared and directly sequenced using 
dengue-virus -specific primers. This method can characterize reliably 
flavivlrus field isolates at the molecular level without extensive virus 
propagation and molecular cloning, and will be a valuable tool for 
molecular epidemiological studies. 
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92202358. PubMed ID: 1372617. Rapid detection and typing of dengue 

viruses from clinical samples by using reverse transcriptase-polymerase 
chain reaction. Lanciotti R S; Calisher C H; Gubler D J; Chang G J; 
Vorndam A V. (Division of Vector-Borne Infectious Diseases, Centers for 
Disease Control, Fort Collins, Colorado 80522. ) Journal of clinical 
microbiology, (1992 Mar) Vol. 30, No. 3, pp. 54 5-51. Journal code: 
7505564. ISSN: 0095-1137. Pub. country: United States. Language: English. 

AB We report on the development and application of a rapid assay for 

detecting and typing dengue viruses. Oligonucleotide consensus primers 
were designed to anneal to any of the four dengue virus types and 
amplify a 511-bp product in a reverse transcriptase-polymerase chain 
reaction (PCR). First, we produced a cDNA copy of a portion of the viral 
genome in a reverse transcriptase reaction in the presence of primer D2 
and then carried out a standard PCR (35 cycles of heat denaturation, 
annealing, and primer extension) with the addition of primer Dl . The 
resulting double-stranded DNA product of the RT-PCR was typed by two 
methods: dot blot hybridization of the 511-bp amplified product to 
dengue virus type-specific probes or a second round of PCR amplification 
(nested PCR) with type-specific primers, yielding DNA products the unique 
sizes of which were diagnostic for each dengue virus serotype. The 
accumulated data demonstrated that dengue viruses can be accurately 
detected and typed from viremic human serum samples. 
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90320126. PubMed ID: 2371768. Nucleotide sequence of the virulent SA-14 
strain of Japanese encephalitis virus and its attenuated vaccine 



(Division of Vector-Borne Infections Diseases, Centers for Disease 
Control, Fort Collins, Colorado 80522. ) Virology, (1990 Aug) Vol. 177, 
No. 2, pp. 541-52. Journal code: 0110674. ISSN: 0042-6822. Pub. country: 
United States. Language: English. 
AB The attenuated SA-14-14-2 strain of Japanese encephalitis (JE) virus 
has been used to immunize people in the People's Republic of China. 
Oligonucleotide fingerprints of the parent SA-14 and vaccine strain 
indicate that multiple genetic changes occurred during attenuation of the 
virus. We have cloned and sequenced the genomes of both the virulent 
SA-14 and attenuated SA-14-14-2 viruses to define molecular differences in 
the genomes. Forty-five nucleotide differences, resulting in 15 amino 
acid substitutions, were found by comparing sequences of the SA-14 and 
SA-14-14-2 genomes. Transversion of U to A occurred at position 39 in the 
5*-noncoding region of SA-14-14-2 and another SA-14 vaccine derivative 
SA-14-5-3. A single nucleotide change in the capsid gene of SA-14-14-2 
altered a single amino acid which changed its predicted secondary 
structure. A silent nucleotide change was found in the prM gene sequence 
and the M-protein was unchanged. There are seven nucleotide differences, 
resulting in five amino acid changes, in the E glycoprotein sequence of 
the two viruses. Nine amino acid differences were found in the 
nonstructural proteins of SA-14 and SA-14-14-2: one in NS2A, two in NS2B, 
three in NS3, one in ns4a, and two in NS5. A single nucleotide change at 
position 10,428 in the 3 f -noncoding region is vaccine virus-specific. The 
nucleotide and deduced amino acid sequences of the vaccine strain 
SA-14-14-2, the parent virus SA-14, and virulent strains JaOArS982 and 
Beijing-1 have been compared and are highly conserved. 
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TI A novel serine protease highly expressed in the pancreas is expressed in 
various kinds of cancer cells. 

L26 ANSWER 2 OF 6 MEDLINE on STN 

TI Irritated seborrheic keratosis of the external ear canal. 
L26 ANSWER 3 OF 6 MEDLINE on STN 

TI Clear cell carcinoid tumor of the gallbladder. A case without von 
Hippel-Lindau disease. 

=> d his 



(FILE 1 HOME 1 ENTERED AT 21:40:27 ON 01 JUN 2006) 









E 


CHANG G J J/IN 








E 


CHANG GWONG J J/IN 


LI 




2 


S 


E4 








E 


KONISHI E/AU 








E 


KONISHI E/IN 


L2 




24958 


S 


CMV OR CMV-IE 


L3 




3918 


S 


L2 AND KOZAK 


L4 




3136 


s 


L3 AND TERMINATION 


L5 




0 


s 


L4 AND { POLY W A) 


L6 




760 


s 


L4 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS VIRUS OR 


L7 




33 


s 


L6 AND CMV/CLM 


L8 




11 


s 


L7 AND AY<1999 


L9 




498 


s 


L6 AND PCDNA3? 


L10 




9 


s 


L9 AND AY<1999 


Lll 




3 


s 


L10 NOT L8 








E 


SCHMALJOHN C S/IN 


L12 




12 


s 


E4 


LI 3 




4840 


s 


(FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS OR YELLOW FEVER 


LI 4 




161 


s 


L13 AND (PRM? AND E) 


LI 5 




82 


s 


L14 AND (SIGNAL SEQUENCE) 


LI 6 




15 


s 


L15 AND AY<1999 




FILE 


'WPIDS' 


ENTERED AT 22:19:11 ON 01 JUN 2006 








E 


CHANG G J/IN 








E 


CHANG G J J/IN 


L17 




121 


s 


E2 


LI 8 




3 


s 


L17 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS VIRUS 0 


LI 9 




853 


s 


(FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITITS VIRU OR YELLOW 


L20 




28 


s 


LI 9 AND (PRM? AND E) 


L21 




4 


s 


T.20 AND CMV 




FILE 


•MEDLINE* ENTERED AT 22:28:38 ON 01 JUN 2006 








E 


CHANG G J J/AU 


L22 




50 


s 


E2 


L23 




23 


s 


L22 AND {FLAVIVIR? OR DENGUE OR YELLOW FEVER OR JAPANESE ENCE 


L24 




16 


s 


L23 AND PY<2000 








E 


KONISHI E/AU 


L25 




17 


s 


E6 


L26 




6 


s 


E5 



=> d 125, cbib f ab, 1-17 

L25 ANSWER 1 OF 17 MEDLINE on STN 

2006171855. PubMed ID: 16460843. Natural infection with Japanese 

encephalitis virus among inhabitants of Japan: a nationwide survey of 
antibodies against nonstructural 1 protein. Konishi Eiji; Shoda Mizue; 
Yamamoto Seigo; Arai Satoru; Tanaka-Taya Keiko; Okabe Nobuhiko. 
(Department of Health Sciences, Kobe University School of Medicine, 7-10-2 
Tomogaoka, Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . 
Vaccine, (2006 Apr 12) Vol. 24, No. 16, pp. 3054-6. Electronic 
Publication: 2006-01-19. Journal code: 8406899. ISSN: 0264-410X. Pub. 
country: Netherlands. Language: English. 

AB In Japan, only a few cases of Japanese encephalitis presently occur 

annually, raising arguments about the necessity of vaccination. Here, 
using a novel immunoassay, we obtained natural infection rates for 2001 of 
0.2-3.4% in eight selected prefectures across Japan. Our results provide 
direct evidence of the risk of reemergence. 
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2006157796. PubMed ID: 16547419. Mosquito cells infected with Japanese 

encephalitis virus release slowly-sedimenting hemagglutinin particles in 
association with intracellular formation of smooth membrane structures. 
Ishikawa Tomohiro; Konishi Eiji. (Department of Health Sciences, Kobe 
University School of Medicine, Kobe, Hyogo 654-0142, Japan. ) Microbiology 
and immunology, (2006) Vol. 50, No. 3, pp. 211-23. Journal code: 7703966. 
ISSN: 0385-5600. Pub. country: Japan. Language: English. 

AB Arthropod-borne flaviviruses can grow in both arthropod and mammalian 

cells. Virion morphogenesis, though well studied in mammalian cells, is 
still unclear in arthropod cells. Here, we compared a mosquito cell line 
C6/36 and a mammalian cell line Vero in extracellular virus particles and 
intracellular ult rastructures triggered by infection with Japanese 
encephalitis virus ( JEV) . Sedimentation analyses of virion and 
slowly-sedimenting hemagglutinin (SHA) particles released by infection 
with the Nakayama strain revealed that C6/36 cells produced higher 
envelope (E) antigen levels in the SHA than the virion fraction in 
contrast to Vero cells that showed the opposite pattern. Specific 
inf ectivities per ng of E were similar in both cells, whereas specific 
hemagglutinating activities in the SHA fraction were lower in C6/36 than 
Vero cells. The precursor membrane protein was less efficiently cleaved 
to the membrane protein in SHA particles released from C6/36 than Vero 
cells. Ultrastructural studies showed more remarkable production of 
smooth membrane structures (SMSs) in C6/36 than in Vero cells. The 



between Nakayama-inf ected C6/36 and Vero cells were consistently observed 
in 5 other strains (Beijing PI, Beijing P3, JaTH-160, KE-093 and 
JaGAr-01), except for KE-093-inf ected C6/36 cells which exhibited the 
Vero-type sedimentation profile under conditions of open cultivation. By 
electron microscopy, the production of SMSs from KE-093-inf ected C6/36 
cells under open conditions was markedly less than that under closed 
conditions where the cells exhibited the C6/36-type sedimentation profile. 
Thus, intracellular SMS formations were associated with extracellular SHA 
production in JEV-inf ected mosquito cells. 
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2006104316. PubMed ID: 16316713. Dengue tetravalent DNA vaccine inducing 
neutralizing antibody and anamnestic responses to four serotypes in mice. 
Konishi Eiji; Kosugi Saori; Imoto Jun-ichi. (Department of Health 
Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, Suma-ku, 
Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2006 Mar 15) 
Vol. 24, No. 12, pp. 2200-7. Electronic Publication: 2005-11-15. Journal 
code: 8406899. ISSN: 0264-410X. Pub. country: Netherlands. Language: 
English . 

AB We developed a dengue tetravalent DNA vaccine consisting of plasmids 

expressing premembrane and envelope genes of each of four serotypes of 
dengue viruses. BALB/c mice immunized twice with the tetravalent vaccine 
at a dose of 100 microg (25 microg for each serotype) using a needle-free 
jet injector developed neutralizing antibodies against all serotypes. 
There was no interference among the four components included in this 
combination vaccine. Tetravalent vaccine-immunized mice showed anamnestic 
neutralizing antibody responses following challenge with each dengue 
serotype: responses to challenges from serotypes different to those used 
for neutralization tests were also induced. 
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2005697147. PubMed ID: 16129523. Analysis of yearly changes in levels of 
antibodies to Japanese encephalitis virus nonstructural 1 protein in 
racehorses in central Japan shows high levels of natural virus activity 
still exist. Konishi Eiji; Shoda Mizue; Kondo Takashi. (Department of 
Health Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, 
Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2006 
Jan 23) Vol. 24, No. 4, pp. 516-24. Electronic Publication: 2005-08-11. 
Journal code: 8406899. ISSN: 0264-410X. Pub. country: Netherlands. 
Language: English. 

AB Recent reductions in numbers of human and equine Japanese encephalitis 
(JE) cases in Japan have seen calls to end JE vaccination. Here, we 
analyzed yearly variations of natural JE virus activity, using sera 
collected serially in 1998-2003 from racehorses residing in Ibaraki and 
Shiga prefectures, both located in central Japan. A total of 208 sera 
from 24 individuals in Ibaraki and 259 from 27 in Shiga were examined for 
antibodies to JE virus nonstructural 1 (NS1) protein, a marker of natural 
infection. The natural infection rate in epizootic seasons, which was 
determined by a significant increase in NS1 antibody level, was 4.2-26.7% 
in Ibaraki and 0-41.7% in Shiga, indicating that high levels of JE virus 
activity still existed in central Japan. 
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2005676304. PubMed ID: 16363686. Clinical and epidemiological aspects of 
Japanese encephalitis. Konishi Eiji. (Department of Health Sciences, 
Kobe University School of Medicine. ) Nippon rinsho. Japanese journal of 
clinical medicine, (2005 Dec) Vol. 63, No. 12, pp. 2138-42. Ref: 12. 
Journal code: 0420546. ISSN: 0047-1852. Pub. country: Japan. Language: 
Japanese . 

AB Japanese encephalitis has been well controlled in Japan. On the other 
hand, the Japanese encephalitis virus (JEV) transmission cycle still 
exists, as does the risk of exposure to JEV infection. Although Culex 
tritaeniorhynchus has been considered the major mosquito vector in Japan, 
recent surveys suggested Culex pipiens complex and Aedes albopictus as 
potential alternatives. Similarly, swine have reduced the role in 
amplification of JEV in paradomestic environments. Another surveys 
suggested attenuation of recent JEV strains and a shift in the major 
clinical manifestation caused by JEV infection from encephalitis to 
meningitis. This paper describes current situation of Japanese 
encephalitis in Japan from clinical and epidemiological aspects. 
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2005171219. PubMed ID: 15802965. Needle-free jet injection of a mixture of 
Japanese encephalitis DNA and protein vaccines: a strategy to effectively 
enhance immunogenicity of the DNA vaccine in a murine model. Imoto 
Jun-Ichi; Konishi Eiji. (Department of Health Sciences, Kobe University 
School of Medicine, 7-10-2 Tomogaoka, Suma-ku, Kobe 654-0142, Japan. ) 
Viral immunology, (2005) Vol. 18, No. 1, pp. 205-12. Journal code: 
8801552. ISSN: 0882-8245. Pub. country: United States. Language: English. 

AB Combined immunization with gene-based and protein-based vaccines can 
increase vaccine effectiveness. We previously demonstrated, using a 
murine model for Japanese encephalitis (JE), that simultaneous 



protein vaccine consisting of subviral extracellular particles (EPs) by 
the subcutaneous route provided a synergistic increase in immunogenicities 
of these vaccines. Here, we investigated a novel immunization protocol 
consisting of a single inoculation with a mixture of DNA and protein 
vaccines using a needle-free jet injector. Immunization of ddY mice with 
1 microg of pcJEME mixed with 1 microg of EPs or a 1/100 dose of 
commercial inactivated JE vaccine (JEVAX) induced neutralizing antibody 
titers of 1:40 to 1:80 (90% plaque reduction) 6 weeks after immunization, 
whereas immunization with DNA or protein alone only induced low titers (< 
or =1:10). Co-immunization with pcDNA3, a CpGcontaining vector of the 
vaccine plasmid, increased immunogenicity of JEVAX to some extent. 
IgGl/IgG2a isotype profiles supported increased production of EPs in 
pcJEME-inoculated mice by needle-free injection and an adjuvant effect of 
the vector on immunogenicity of JEVAX. 

L25 ANSWER 7 OF 17 MEDLINE on STN 

2005100910. PubMed ID: 15731239. Nuclear localization of Japanese 

encephalitis virus core protein enhances viral replication. Mori Yoshio; 
Okabayashi Tamaki; Yamashita Tetsuo; Zhao Zijiang; Wakita Takaji; Yasui 
Kotaro; Hasebe Futoshi; Tadano Masayuki; Ronishi Eiji; Moriishi Kohji; 
Matsuura Yoshiharu. (Research Center for Emerging Infectious Diseases, 
Research Institute for Microbial Diseases, Osaka University, 3-1 
Yamada-oka, Suita, Osaka 565-0871, Japan. ) Journal of virology, (2005 
Mar) Vol. 79, No. 6, pp. 3448-58. Journal code: 0113724. ISSN: 0022-538X. 
Pub. country: United States. Language: English. 

AB Japanese encephalitis virus (JEV) core protein was detected in both the 
nucleoli and cytoplasm of mammalian and insect cell lines infected with 
JEV or transfected with the expression plasmid of the core protein. 
Mutation analysis revealed that Gly(42) and Pro (43) in the core protein 
are essential for the nuclear and nucleolar localization. A mutant M4243 
virus in which both Gly(42) and Pro (43) were replaced by Ala was recovered 
by plasmid-based reverse genetics. In C6/36 mosquito cells, the M4243 
virus exhibited RNA replication and protein synthesis comparable to 
wild-type JEV, whereas propagation in Vero cells was impaired. The mutant 
core protein was detected in the cytoplasm but not in the nucleus of 
either C6/36 or Vero cell lines infected with the M4243 virus. The 
impaired propagation of M4243 in mammalian cells was recovered by the 
expression of wild-type core protein in trans but not by that of the 
mutant core protein. Although M4243 mutant virus exhibited a high level 
of neurovirulence comparable to wild-type JEV in spite of the 
approximately 100-fold-lower viral propagation after intracerebral 
inoculation to 3-week-old mice of strain Jcl:ICR, no virus was recovered 
from the brain after intraperitoneal inoculation of the mutant. These 
results indicate that nuclear localization of JEV core protein plays 
crucial roles not only in the replication in mammalian cells in vitro but 
also in the pathogenesis of encephalitis induced by JEV in vivo. 
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2004556484. PubMed ID: 15528700. Development and evaluation of an 

enzyme-linked immunosorbent assay for quantifying antibodies to Japanese 
encephalitis virus nonstructural 1 protein to detect subclinical 
infections in vaccinated horses. Konishi Eiji; Shoda Mizue; Ajiro Naoko; 
Kondo Takashi. (Department of Health Sciences, Kobe University School of 
Medicine, Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Journal 
of clinical microbiology, (2004 Nov) Vol. 42, No. 11, pp. 5087-93. 
Journal code: 7505564. ISSN: 0095-1137. Pub. country: United States. 
Language: English. 

AB Antibodies to Japanese encephalitis virus (JEV) nonstructural 1 (NS1J 
protein constitute a marker of natural JEV infection among populations 
vaccinated with inactivated JE vaccine. In Japan, with few recent human 
JE cases, the natural infection rate is critical to evaluate the necessity 
of continuing JE vaccination. A sensitive immunochemical staining method 
for detecting NS1 antibodies in individuals naturally and subclinically 
infected with JEV was previously established. Here, an enzyme-linked 
immunosorbent assay { ELISA) to detect NS1 antibodies in equine sera was 
developed and evaluated as an alternative to immunostaining . By this 
method, NS1 antigens contained in culture fluids from cells stably 
transfected with the NS1 and NS2A genes were captured by a rabbit anti-NSl 
polyclonal antibody. Three nanograms per well of NS1 antigen, 
corresponding to 1:2 to 1:8 dilutions of the culture fluid, was sufficient 
for testing. ELISA values were obtained by a single-serum dilution 
(1:100), which correlated with ELISA titers obtained by an endpoint 
method. Under a tentative cutoff value (0.122) statistically calculated 
from NS1 antibody levels of horses in an area where JEV is not endemic, a 
high level of qualitative agreement (85.3%) was obtained between the ELISA 
and immunostaining methods. A significant correlation coefficient (0.799; 
P < 0.001) was also obtained between the two methods. Three 
experimentally infected horses seroconverted no later than 13 to 23 days 
postinfection, whereas 4 field horses infected during an epizootic 
remained positive for NS1 antibodies for at least 40 weeks. Our results 
indicate that the ELISA used here was sufficiently sensitive to detect 
subclinical infections in vaccinated equine populations. 



L25 ANSWER 9 OF 17 MEDLINE on STN 

2004114784. PubMed ID: 15003636. Prevalence of antibody to Japanese 

encephalitis virus nonstructural 1 protein among racehorses in Japan: 
indication of natural infection and need for continuous vaccination. 
Konishi Eiji; Shoda Mizue; Kondo Takashi . {Department of Health 
Sciences, Kobe University School of Medicine, 7-10-2 Tomokaoka, Suma-ku, 
Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, {2004 Mar 12) 
Vol. 22, No. 9-10, pp. 1097-103. Journal code: 8406899. ISSN: 0264-410X. 
Pub. country: Netherlands. Language: English. 

AB Japanese encephalitis virus (JEV) causes fatal diseases in equines as well 
as humans. In Japan, racehorses are vaccinated with inactivated JE 
vaccine every year and no equine JE cases have been reported since 1986. 
However, the current reduction in JEV activity in nature has raised an 
argument against the requirement of continuous vaccination. Here, we 
studied natural infection rates in racehorses to address the issue. To 
identify naturally-infected individuals from vaccinated populations, we 
used an immunostaining method for detecting antibodies to JEV 
nonstructural 1 (NS1) protein. A total of 779 horses in eight nationwide 
locations showed NS1 antibody prevalences ranging from 15 to 73%. NS1 
antibody prevalences among 2-year-old individuals that had spent one 
epizootic season in a particular location, therefore representing annual 
infection rates, were 15-67%. Individuals aged >/=3 years showed higher 
NS1 antibody titers than the 2-year-olds, suggesting that NS1 antibody 
levels were boosted by repeated exposures to JEV antigen over >/=2 
epizootic seasons. These results indicate that horses in Japan are 
exposed to natural JEV infections, confirming the need for continuous 
vaccination for protecting horses from JE. 
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2003447965. PubMed ID: 12922102. Evidence for antigen production in 

muscles by dengue and Japanese encephalitis DNA vaccines and a relation to 
their immunogenicity in mice. Konishi Eiji; Terazawa Aya; Fujii Atsuko. 
(Department of Health Sciences, Kobe University School of Medicine, 7-10-2 
Tomogaoka, Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . 
Vaccine, (2003 Sep 8) Vol. 21, No. 25-26, pp. 3713-20. Journal code: 
8406899. ISSN: 0264-410X. Pub. country: Netherlands. Language: English. 

AB This study demonstrated viral antigen production in muscle tissues 

following inoculation with DNA vaccines and examined its relation to 
antibody induction in mice using the flavivirus system. To achieve 
detectable levels of antigen production, we used a needle-free jet 
injector and examined 10% homogenate of quadriceps muscle for viral 
antigens in a sandwich enzyme-linked immunosorbent assay. We compared DNA 
vaccines against dengue type 1 (designated pcDIME), dengue type 2 (pcD2ME) 
and Japanese encephalitis {pcJEME) . The amounts of viral envelope (E) 
antigen contained in muscle homogenate 1, 2, 3 and 4 days following 
inoculation with 50 microg of pcJEME were 1.1, 1.0, 0.3 and <0.1 ng/ml, 
respectively. Muscles from pcD2ME- and pcDIME-inoculated mice did not 
contain detectable levels of E antigen (<0.1 ng/ml) during 4 days 
following inoculation. The E amounts released from Vero cells transfected 
with DNAs were in the order pcJEME>pcD2ME>pcDlME . Levels of neutralizing 
antibody induced by two immunizations with 100 microg of each DNA vaccine 
using needle-free or normal needle/syringe injection systems also were in 
the order pcJEME>pcD2ME>pcDlME, 2-11 weeks after the first immunization. 
However, the difference in antibody levels among three DNA vaccines 14-18 
weeks after immunization was smaller than that in the early phase of 
immunization. These results provide fundamental information useful for 
developing combination DNA vaccines, such as a dengue tetravalent DNA 
vaccine, which require adjustment of immunogenicity of each component. 
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2003405831. PubMed ID: 12944676. High Toxoplasma antibody prevalence among 
inhabitants in Jakarta, Indonesia. Terazawa Aya; Muljono Rusli; Susanto 
Lisawati; Margono Sri S; Konishi Eiji. (Department of Health Sciences, 
Kobe University School of Medicine, Kobe 654-0142, Japan. ) Japanese 
journal of infectious diseases, (2003 Jun) Vol. 56, No. 3, pp. 107-9. 
Journal code: 100893704. ISSN: 1344-6304. Pub. country: Japan. Language: 
English . 

AB We examined IgG antibody to Toxoplasma in sera from 1,693 inhabitants aged 
20-85 years in Jakarta. The seroprevalence rate was 70%, without any 
significant differences between males (71%) and females (69%). Some 
epidemiological factors contributing to the high prevalences of antibody 
to Toxoplasma in inhabitants of urban areas in Indonesia were discussed. 
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2003386617. PubMed ID: 12922097. Comparison of protective efficacies of 
plasmid DNAs encoding Japanese encephalitis virus proteins that induce 
neutralizing antibody or cytotoxic T lymphocytes in mice. Konishi Eiji; 
Ajiro Naoko; Nukuzuma Chiyoko; Mason Peter W; Kurane Ichiro. {Department 
of Health Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, 
Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2003 
Sep 8) Vol. 21, No. 25-26, pp. 3675-83. Journal code: 8406899. ISSN: 
0264-410X. Pub. country: Netherlands. Language: English. 



envelope (E) proteins of Japanese encephalitis (JE) virus (designated 
pcJEME) produce neutralizing antibodies and are protected from JE. To 
determine the role of the immune response to other viral proteins in 
protection, we constructed plasmid DNAs encoding other JE virus proteins 
and made a direct comparison among these plasmids using a mouse model. 
Cytotoxic T lymphocytes (CTLs) were induced by plasmids encoding capsid 
(C) or nonstructural proteins, NS1, NS2A, NS2B, NS3 or NS5. However, 
these plasmids provided only a partial protection against intraperitoneal 
challenge with a lethal dose of JE virus, whereas mice immunized with 
pcJEME were fully protected. In mice inoculated with CTL-inducing 
plasmids, high virus titers were detected in plasma immediately (Ih) 
following challenge and in brain on day 4 post-challenge, but no virus 
infectivity was detected in plasma and brain of pcJEME-immunized mice 
during the 5 days following challenge. These results indicate that 
protection provided by the prM/E-encoding DNA consists of neutralizing 
antibody that prevents virus dissemination from the peripheral site to the 
brain, and that this antibody-mediated mechanism of protection is more 
efficient than the immunity induced by plasmids that generate CTL 
responses capable of killing JE virus-infected cells. 
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2003302384. PubMed ID: 12828869. Enhancing effect of vaxfectin on the 
ability of a Japanese encephalitis DNA vaccine to induce neutralizing 
antibody in mice. Nukuzuma Chiyoko; Ajiro Naoko; Wheeler Carl J; Konishi 
Eiji. (Department of Health Sciences, Kobe University School of Medicine, 
Kobe, Japan. ) Viral immunology, (2003) Vol. 16, No. 2, pp. 183-9. 
Journal code: 8801552. ISSN: 0882-8245. Pub. country: United States. 
Language : English . 

AB Vaxfectin, a recently developed adjuvant, was evaluated for its enhancing 
effect on immunogenicity of a Japanese encephalitis (JE) DNA vaccine 
plasmid encoding the JE virus premembrane (prM) and envelope (E) genes 
(designated pcJEME), using BALB/c and ICR mice. Formulation of pcJEME 
with Vaxfectin provided > or =8-fold higher neutralizing antibody titers 
than those induced by pcJEME alone and reduced the amount of pcJEME to 
one-tenth to induce comparable levels of neutralizing antibody. Use of 
Vaxfectin did not alter a Thl type IgG isotype immune response (IgGl < 
IgG2a) induced by pcJEME in mice. These results indicate that Vaxfectin 
has an ability to enhance immunogenicity of pcJEME and is considered as a 
useful adjuvant for DNA vaccines in murine experimental models. 
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2003254780. PubMed ID: 12744864. Immunogenicity of a Japanese encephalitis 
DNA vaccine candidate in cynomolgus monkeys. Tanabayashi Kiyoshi; Mukai 
Ryozaburo; Yamada Akio; Takasaki Tomohiko; Kurane Ichiro; Yamaoka Masaoki; 
Terazawa Aya; Konishi Eiji. (Tsukuba Primate Center for Medical Science, 
National Institute of Infectious Diseases, Tsukuba 305-0843, Japan. ) 
Vaccine, (2003 Jun 2) Vol. 21, No. 19-20, pp. 2338-45. Journal code: 
8406899. ISSN: 0264-410X. Pub. country: Netherlands. Language: English. 

AB A Japanese encephalitis (JE) vaccine candidate encoding JE virus 

premembrane (prM) and envelope (E) genes, designated pNJEME, was evaluated 
for safety and immunogenicity in non-human primate, cynomolgus monkeys. 
pNJEME was constructed using a vector (pNGVL4a) designed to address some 
of the safety concerns of DNA vaccine. In two different experiments, two 
immunizations with 300 microg of pNJEME by intramuscular (i.m.) injection, 
and 3 microg of pNJEME using a gene gun, and three immunizations by i.m. 
injection with 500 microg of pNJEME were performed. All the three 
protocols induced low to high levels of neutralizing antibody, indicating 
an ability of pNJEME to induce neutralizing antibody in monkeys with a 
wide individual variation in response to pNJEME. In one experiment 
designed to compare the DNA vaccine with a commercial inactivated JE 
vaccine, three immunizations by i.m. inoculation with 300 microg of pNJEME 
or by gene gun administration with 3 microg of pNJEME induced similar 
levels of neutralizing antibody to those induced by three immunizations 
with a human dose of the inactivated vaccine in most monkeys. After 
intranasal challenge with the Beijing P3 or JaTH160 strain of JE virus, 
pNJEME-immunized monkeys showed anamnestic neutralizing antibody 
responses, indicating that pNJEME induced memory B cells which were 
responsive to infection with JE virus. No systemic and local reactions 
were observed in any monkeys after i.m. or gene gun inoculations with 
plasmid DNAs. 
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2003188853. PubMed ID: 12706666. Simultaneous immunization with DNA and 
protein vaccines against Japanese encephalitis or dengue synergistically 
increases their own abilities to induce neutralizing antibody in mice. 
Konishi Eiji; Terazawa Aya; Imoto Jun-ichi . (Department of Health 
Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, Suma-ku, 
Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2003 May 16) 
Vol. 21, No. 17-18, pp. 1826-32. Journal code: 8406899. ISSN: 0264-410X. 
Pub. country: Netherlands. Language: English. 

AB Gene-based and protein-based vaccines are two distinct types of vaccines. 
In this report, we examined if combined use of DNA and protein vaccines 



murine models for Japanese encephalitis (JE) or dengue type 2 ( DEN2 ) . DNA 
vaccines for JE (pcJEME) or DEN2 (pcD2ME) were inoculated intramuscularly, 
and protein vaccines consisting of subviral extracellular particles (EPs) 
containing JE (JEEP) or DEN2 (D2EP) virus antigens were inoculated 
subcutaneously with Freund's adjuvant. Two immunizations of ICR mice with 
pcJEME and/or JEEP in the prime-boost protocol indicated that levels of 
neutralizing antibody induced by the pcJEME prime-JEEP boost vaccination 
were two to eight-fold higher than those induced by pcJEME alone, but were 
equivalent to those induced by JEEP alone and slightly higher than those 
induced by the JEEP prime-pcJEME boost regimen. On the other hand, 
simultaneous immunization of ICR mice with pcJEME and JEEP provided 
synergistically higher neutralizing antibody titers than those provided by 
immunization with either immunogen. Immunization with graded doses of 
pcJEME and JEEP confirmed the synergism. The synergistic increase in 
neutralizing antibody titer by simultaneous immunization with DNA and 
protein vaccines was also shown by immunization with pcD2ME and D2EP in 
ICR and ddY mice. Both IgGl and IgG2a antibodies were induced by combined 
immunization with pcJEME and JEEP. 
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2002683597. PubMed ID: 12443667. Ratios of subclinical to clinical 

Japanese encephalitis (JE) virus infections in vaccinated populations: 
evaluation of an inactivated JE vaccine by comparing the ratios with those 
in unvaccinated populations. Konishi Eiji; Suzuki Tomoyuki. (Department 
of Health Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, 
Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2002 
Nov 22) Vol. 21, No. 1-2, pp. 98-107. Journal code: 8406899. ISSN: 
0264-410X. Pub. country: Netherlands. Language: English. 

AB Japanese encephalitis (JE) virus is characterized as a virus that produces 
a large number of subclinical infections. In this report, we estimated a 
ratio of subclinical to clinical infections in vaccinated human 
populations who acquired natural infection with JE virus, and evaluated 
protective capacity of the currently approved inactivated JE vaccine by 
comparing the ratio with those reported for unvaccinated populations. We 
developed a sensitive immunostaining method for detecting nonstructural 1 
(NS1) antibody to demonstrate JE virus infection in vaccinated 
individuals. Serum samples collected from human populations in western 
Japan showed NS1 antibody prevalences of approximately 10% in an urban 
area in 1981 and 1995 and 20% in a rural area from 1982 through 1983. 
Analysis of annual change in NS1 antibody titer using paired samples 
provided a mean duration of NS1 antibody responses of approximately 2 
years, indicating that 5% of the urban population or 10% of the rural 
population acquired natural JE virus infection in 1 year. Based on the 
number of JE cases from 1982 through 1991 and the number of people 
acquiring natural infection, and on the assumption that annual infection 
rates obtained in the present study areas are representative of the 
infection rate in entire Japan except for non-endemic northern areas, the 
ratio of subclinical to clinical infections in vaccinated populations was 
estimated to be 2000000:1, which was 2000-80000 times higher than the 
ratio previously reported for unvaccinated populations. 
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2002076987. PubMed ID: 11803066. Dengue type 2 virus subviral 

extracellular particles produced by a stably transfected mammalian cell 
line and their evaluation for a subunit vaccine. Konishi Eiji; Fujii 
Atsuko. (Department of Health Sciences, Kobe University School of 
Medicine, 7-10-2 Tomogaoka, Suma-ku, 654-0142, Kobe, Japan.. 
ekon@ams.kobe-u.ac.jp) . Vaccine, (2002 Jan 15) Vol. 20, No. 7-8, pp. 
1058-67. Journal code: 8406899. ISSN: 0264-410X. Pub. country: England: 
United Kingdom. Language: English. 

AB A dengue subunit vaccine candidate was developed using a mammalian cell 

line continuously expressing subviral extracellular particles (EPs) of the 
New Guinea C (NGC) strain of dengue type 2 virus. The cell line, 
designated D cell line, maintained envelope (E) antigen production for at 
least 10 passages. The EPs contained an E protein biochemically and 
antigenically equivalent to authentic E produced by NGC-infected Vero 
cells. Two immunizations of BALB/c mice with purified EPs containing 
lOOng or 400ng of E induced moderate levels of neutralizing antibody and 
anamnestic neutralizing antibody responses were produced when these 
animals were challenged with dengue virus. The yield of E antigen from D 
cells was comparable to that from NGC-infected Vero cells. When D cells 
were transfected with the anti-apoptotic bcl-2 gene, the E antigen release 
increased approximately two-fold. These results indicate that D cell EPs 
are a promising non-infectious vaccine antigen for dengue. 



=> e konishi eiji/au 



El 1 KONISHI E J/AU 

E2 6 KONISHI EIICHI/AU 

E3 17 — > KONISHI EIJI/AU 

E4 2 KONISHI EISAKU/AU 

E5 7 KONISHI EMIKO/AU 



E7 


1 


KONISHI 


FUMIKAZU/AU 


E8 


4 


KONISHI 


FUMIKO/AU 


E9 


43 


KONISHI 


FUMIO/AU 


E10 


2 


KONISHI 


FUSAKO/AU 


Ell 


25 


KONISHI 


G/AU 


E12 


1 


KONISHI 


G P/AU 



=> s e2-e4 

6 "KONISHI EIICHI'VAU 
17 "KONISHI EIJI'VAU 
2 " KONISHI EISAKU'VAU 
L27 25 ("KONISHI EIICHI"/AU OR "KONISHI EIJI'VAU OR " KONISHI EISAKU"/AU 

) 

-> s 127 and (flavivir? or dengue or japanese encephalitis or yellow fever) 
3719 FLAVIVIR? 
514 2 DENGUE 
50156 JAPANESE 
28653 ENCEPHALITIS 
2119 JAPANESE ENCEPHALITIS 

( JAPANESE ( W ) ENCE PHALITIS ) 
217 63 YELLOW 
107 4 28 FEVER 

3054 YELLOW FEVER 

(YELLOW (W) FEVER) 

L28 16 L27 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS OR YELLOW 

FEVER) 

=> d his 

(FILE f HOME ' ENTERED AT 21:40:27 ON 01 JUN 2006) 
FILE ' USPATFULL 1 ENTERED AT 21:40:50 ON 01 JUN 2006 









E 


CHANG G J J/ IN 








E 


CHANG GWONG J J/ IN 


LI 




2 


S 


E4 








E 


KONISHI E/AU 








E 


KONISHI E/IN 


L2 




24958 


S 


CMV OR CMV-IE 


L3 




3918 


S 


L2 AND KOZAK 


L4 




3136 


S 


L3 AND TERMINATION 


L5 




0 


S 


L4 AND (POLY W A) 


L6 




760 


S 


L4 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS VIRUS OR 


L7 




33 


s 


L6 AND CMV/CLM 


L8 




11 


s 


L7 AND AY<1999 


L9 




498 


s 


L6 AND PCDNA3? 


L10 




9 


s 


L9 AND AY<1999 


Lll 




3 


s 


L10 NOT L8 








E 


SCHMALJOHN C S/IN 


LI 2 




12 


s 


E4 


LI 3 




4840 


s 


(FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS OR YELLOW FEVER 


LI 4 




161 


s 


L13 AND (PRM? AND E) 


LI 5 




82 


s 


LI 4 AND (SIGNAL SEQUENCE) 


LI 6 




15 


s 


L15 AND AY<1999 




FILE 


'WPIDS' 


ENTERED AT 22:19:11 ON 01 JUN 2006 








E 


CHANG G J/ IN 








E 


CHANG G J J/ IN 


LI 7 




121 


s 


E2 


LI 8 




3 


s 


L17 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS VIRUS O 


LI 9 




853 


s 


(FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITITS VIRU OR YELLOW 


L20 




28 


s 


L19 AND (PRM? AND E) 


L21 




4 


s 


L20 AND CMV 




FILE 


'MEDLINE ' ENTERED AT 22:28:38 ON 01 JUN 2006 








E 


CHANG G J J/AU 


L22 




50 


s 


E2 


L23 




23 


s 


L22 AND (FLAVIVIR? OR DENGUE OR YELLOW FEVER OR JAPANESE ENCE 


L24 




16 


s 


L23 AND PY<2000 








E 


KONISHI E/AU 


L25 




17 


s 


E6 


L26 




6 


s 


E5 








E 


KONISHI EIJI/AU 


L27 




25 


s 


E2-E4 


L28 




16 


s 


L27 AND (FLAVIVIR? OR DENGUE OR JAPANESE ENCEPHALITIS OR YELL 



=> d 128, cbib, 12-16 



L28 ANSWER 12 OF 16 MEDLINE on STN 

2003302384. PubMed ID: 12828869. Enhancing effect of vaxfectin on the 
ability of a Japanese encephalitis DNA vaccine to induce neutralizing 
antibody in mice. Nukuzuma Chiyoko; Ajiro Naoko; Wheeler Carl J; Konishi 



Kobe, Japan. ) Viral immunology, (2003) Vol. 16, No/ 2, pp. 183-9. 
Journal code: 8801552. ISSN: 0882-8245. Pub. country: United States. 
Language: English. 
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encephalitis DNA vaccine candidate in cynomolgus monkeys. Tanabayashi 
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Journal code: 8406899. ISSN: 0264-410X. Pub. country: Netherlands. 
Language: English. 
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Japanese encephalitis (JE) virus infections in vaccinated populations: 
evaluation of an inactivated JE vaccine by comparing the ratios with those 
in unvaccinated populations. Konishi Eiji; Suzuki Tomoyuki . {Department 
of Health Sciences, Kobe University School of Medicine, 7-10-2 Tomogaoka, 
Suma-ku, Kobe 654-0142, Japan., ekon@ams.kobe-u.ac.jp) . Vaccine, (2002 
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0264-410X. Pub. country: Netherlands. Language: English. 
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extracellular particles produced by a stably transfected mammalian cell 
line and their evaluation for a subunit vaccine. Konishi Eiji; Fujii 
Atsuko. {Department of Health Sciences, Kobe University School of 
Medicine, 7-10-2 Tomogaoka, Suma-ku, 654-0142, Kobe, Japan.. 
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L30 ANSWER 1 OF 6 MEDLINE on STN 

2005308978. PubMed ID: 15956595. Histidine at residue 99 and the 

transmembrane region of the precursor membrane prM protein are important 
for the prM-E heterodimeric complex formation of Japanese encephalitis 
virus. Lin Ying-Ju; Wu Suh-Chin. (Institute of Biotechnology, Department 
of Life Science, National Tsing-Hua University, Hsinchu 30013, Taiwan, 
Republic of China. ) Journal of virology, (2005 Jul) Vol. 79, No. 13, pp. 
8535-44. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States. Language: English. 

L30 ANSWER 2 OF 6 MEDLINE on STN 

2004221400. PubMed ID: 15119774. A novel principle of attenuation for the 
development of new generation live flavivirus vaccines. Kofler R M; Heinz 
F X; Mandl C W. (Institute of Virology, University of Vienna, Vienna, 
Austria. ) Archives of virology. Supplementum, (2004) No. 18, pp. 191-200. 
Ref: 24. Journal code: 9214275. ISSN: 0939-1983. Pub. country: Austria. 
Language : English. 

L30 ANSWER 3 OF 6 MEDLINE on STN 

2003108910. PubMed ID: 12620809. Enhancing biosynthesis and secretion of 
premembrane and envelope proteins by the chimeric plasmid of dengue virus 
type 2 and Japanese encephalitis virus. Chang Gwong-Jen J; Hunt Ann 
R; Holmes Derek A; Springfield Tracy; Chiueh Tzong-Shi; Roehrig John T; 
Gubler Duane J. (Division of Vector-Borne Infectious Diseases, Centers for 
Disease Control and Prevention, Public Health Service, U.S. Department of 
Health and Human Service, Post Office Box 2087, Fort Collins, CO 80522, 
USA., gxc7@cdc.gov) . Virology, (2003 Feb 1) Vol. 306, No. 1, pp. 170-80. 
Journal code: 0110674. ISSN: 0042-6822. Pub. country: United States. 
Language : English. 
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2001180918. PubMed ID: 11160724. Generation and characterization of a 
mammalian cell line continuously expressing Japanese encephalitis 
virus subviral particles. Konishi E; Fujii A; Mason P W. (Department 
of Health Sciences, Kobe University School of Medicine, Kobe 654-0142, 
Japan., ekon@ams.kobe-u.ac.jp) . Journal of virology, (2001 Mar) Vol. 75, 
No. 5, pp. 2204-12. Journal code: 0113724. ISSN: 0022-538X. Pub. country: 
United States. Language: English. 
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95266302. PubMed ID: 7747465. Sindbis vectors suppress secretion of 
subviral particles of Japanese encephalitis virus from mammalian 
cells infected with SIN-JEV recombinants. Pugachev K V; Mason P W; Frey 
T K. (Department of Biology, Georgia State University, Atlanta 30303, USA. 
) Virology, (1995 May 10) Vol. 209, No. 1, pp. 155-66. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

L30 ANSWER 6 OF 6 MEDLINE on STN 

92263775. PubMed ID: 1585642. Mice immunized with a subviral particle 
containing the Japanese encephalitis virus prM/M and E proteins are 
protected from lethal JEV infection. Konishi E; Pincus S; Paoletti E; 
Shope R E; Burrage T; Mason P W. (Department of Epidemiology and Public 
Health, Yale University School of Medicine, New Haven, Connecticut 06510. 
) Virology, (1992 Jun) Vol. 188, No. 2, pp. 714-20. Journal code: 
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95266302. PubMed ID: 7747465. Sindbis vectors suppress secretion of 
subviral particles of Japanese encephalitis virus from mammalian 
cells infected with SIN-JEV recombinants. Pugachev K V; Mason P W; Frey 
T K. {Department of Biology, Georgia State University, Atlanta 30303, USA. 
J Virology, (1995 May 10) Vol. 209, No. 1, pp. 155-66. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB Double-subgenomic Sindbis virus (dsSIN) recombinants that express 
cassettes encoding prM-E or a C-terminally truncated form of E of 
Japanese encephalitis virus (JEV) were constructed. The products 
were efficiently expressed in both mammalian and mosquito cell lines 
infected with the dsSIN recombinants. However, suppression of prM-E 
secretion from mammalian cells infected with dsSIN-prM-E recombinants was 
observed. This suppression was more pronounced late in infection {< 5% of 
total product was secreted during an 8-hr chase) than early in infection 
(15% secretion during a 6-hr chase) . In comparison, a vaccinia 
virus-prM-E recombinant (vP829) described previously { E . Konishi et al. 
(1991) Virology 185, 401-410) was shown to secrete 35-50% of total product 
during a 6- to 8-hr chase both early and late in infection. In contrast, 
secretion of prM-E from dsSIN-prM-E-inf ected mosquito (C6/36) cells was 
found to be efficient {> 50% during an 8-hr chase). The prM-E secreted 
from both mammalian and mosquito cells was in the form of subviral 
particles as determined by velocity gradient centrif ugation, sensitivity 
to nonionic detergent, and analysis of processing of N-linked glycans. 
The truncated E protein expressed by the dsSIN recombinants was secreted 
efficiently from both mammalian and mosquito cells. Coinfection 
experiments with the dsSIN-JEV recombinants + wild-type vaccinia virus 
and vP829 + SIN demonstrated that the reduced level of secretion of 
subviral particles exhibited by the dsSIN-JEV recombinants was due 
to an inhibitory effect of the dsSIN vectors. Furthermore, this 
inhibitory effect was accounted for by the SIN nonstructural proteins 
since SIN replicons that express prM-E cassette in place of the SIN 
structural protein open reading frame exhibited a low level of subviral 
particle secretion. No self-propagating infectious particles were 
produced in cells transfected with SIN replicons that encode the JEV 
prM-E cassette. The suppression of subviral particle secretion was 
apparently correlated with the inhibition of cell protein synthesis which 
is mediated in SIN-infected vertebrate cells by expression of the SIN 
nonstructural proteins. 
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92263775. PubMed ID: 1585642. Mice immunized with a subviral particle 
containing the Japanese encephalitis virus prM/M and E proteins are 
protected from lethal JEV infection. Konishi E; Pincus S; Paoletti E; 
Shope R E; Burrage T; Mason P W. (Department of Epidemiology and Public 
Health, Yale University School of Medicine, New Haven, Connecticut 06510. 
) Virology, (1992 Jun) Vol. 188, No. 2, pp. 714-20. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB Extracellular subviral particles produced by HeLa cells infected with 
a recombinant vaccinia virus encoding the prM and E genes of Japanese 
encephalitis virus (JEV) were purified and characterized. These 
particles contained the JEV prM/M and E proteins embedded in a lipid 
bilayer, and RNA was not detected in particles using the polymerase chain 
reaction and primers recognizing a part of the JEV E gene. The 
particles were uniformly spherical with a 20-nm diameter and had 5-nm 
projections on their surface. Mice that received a single inoculation of 
the purified extracellular particles emulsified with Freund's complete 
adjuvant were fully protected against 4.9 x 10(5) LD50 of JEV. 
Comparison of the neutralizing and hemagglutination-inhibiting antibody 
titers and radioimmunoprecipitation data showed that immunization with the 
particles induced an immune response similar to that following inoculation 
with the recombinant vaccinia virus. 
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L36 ANSWER 1 OF 5 MEDLINE on STN 

96256767. PubMed ID: 8676481. Recombinant subviral particles from 

tick-borne encephalitis virus are fusogenic and provide a model system for 
studying flavivirus envelope glycoprotein functions. Schalich J; Allison 
S L; Stiasny K; Mandl C W; Kunz C; Heinz F X. (Institute of Virology, 
University of Vienna, Austria. ) Journal of virology, (1996 JUl) Vol. 
70, No. 7, pp. 4549-57. Journal code: 0113724. ISSN: 0022-538X. Pub. 
country: United States. Language: English. 

AB Recombinant subviral particles (RSPs) obtained by coexpression of the 
envelope (E) and premembrane (prM) proteins of tick-borne encephalitis 
virus in COS cells (S. L. Allison, K. Stadler, C. W. Mandl, C. Kunz, 
and F. X. Heinz, J. Virol. 69:5816-5820, 1995) were extensively 
characterized and shown to be ordered structures containing envelope 
glycoproteins with structural and functional properties very similar to 
those in the virion envelope. The particles were spherical, with a 
diameter of about 30 nm and a buoyant density of 1.14 g/cm3 in sucrose 
gradients. They contained mature E proteins with endoglycosidase 
H-resistant glycans as well as fully cleaved mature M proteins. Cleavage 
of prM, which requires an acidic pH in exocytic compartments, could be 
inhibited by treatment of transfected cells with ammonium chloride, 
implying a common maturation pathway for RSPs and virions. RSPs 
incorporated [14C] choline but not [3H] uridine, demonstrating that they 
contain lipid but probably lack nucleic acid. The envelope proteins of 
RSPs exhibited a native antigenic and oligomeric structure compared with 
virions, and incubation at an acidic pH (pH <6.5) induced identical 
conformational changes and structural rearrangements, including an 
irreversible quantitative conversion of dimers to trimers. The RSPs were 
also shown to be functionally active, inducing membrane fusion in a 
low-pH-dependent manner and demonstrating the same specific 
hemagglutination activity as whole virions. Tick-borne encephalitis virus 
RSPs thus represent an excellent model system for investigating the 
structural basis of viral envelope glycoprotein functions. 

L36 ANSWER 2 OF 5 MEDLINE on STN 

95363998. PubMed ID: 7637027. Synthesis and secretion of recombinant 

tick-borne encephalitis virus protein E in soluble and particulate form. 
Allison S L; Stadler K; Mandl C W; Kunz C; Heinz F X. (Institute of 
Virology, University of Vienna, Austria. ) Journal of virology, (1995 
Sep) Vol. 69, No. 9, pp. 5816-20. Journal code: 0113724. ISSN: 
0022-538X. Pub. country: United States. Language: English. 

AB A quantitative study was performed to investigate the requirements for 
secretion of recombinant soluble and particulate forms of the envelope 
glycoprotein E of tick-borne encephalitis (TBE) virus. Full-length E 
and a carboxy terminally truncated anchor-free form were expressed in COS 
cells in the presence and absence of prM, the precursor of the viral 
membrane protein M. Formation of a heteromeric complex with prM was 
found to be necessary for efficient secretion of both forms of E, 
whereas only low levels of anchor-free E were secreted in the absence of 
prM. The prM-mediated transport function could also be provided by 
coexpression of prM and E from separate constructs, but a prM-to-E 
ratio of greater than 1:1 did not further enhance secretion. Full-length 
E formed stable intracellular heterodimers with prM and was secreted 
as a subviral particle, whereas anchor-free E was not associated 
with particles and formed a less stable complex with prM, suggesting 
that prM interacts with both the ectodomain and anchor region of E. 
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95266302. PubMed ID: 7747465. Sindbis vectors suppress secretion of 
subviral particles of Japanese encephalitis virus from mammalian 
cells infected with SIN-JEV recombinants. Pugachev K V; Mason P W; Frey T 
K. (Department of Biology, Georgia State University, Atlanta 30303, USA. ) 
Virology, (1995 May 10) Vol. 209, No. 1, pp. 155-66. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB Double-subgenomic Sindbis virus (dsSIN) recombinants that express 
cassettes encoding prM-E or a C-terminally truncated form of E of 
Japanese encephalitis virus (JEV) were constructed. The products 
were efficiently expressed in both mammalian and mosquito cell lines 
infected with the dsSIN recombinants. However, suppression of prM-E 
secretion from mammalian cells infected with dsSIN-prM-E recombinants 
was observed. This suppression was more pronounced late in infection (< 
5% of total product was secreted during an 8-hr chase) than early in 
infection (15% secretion during a 6-hr chase) . In comparison, a vaccinia 
virus-prM-E recombinant (vP829) described previously (E. Konishi et 
al. (1991) Virology 185, 401-410) was shown to secrete 35-50% of total 
product during a 6- to 8-hr chase both early and late in infection. In 
contrast, secretion of prM-E from dsSIN-prM-E-inf ected mosquito 
(C6/36) cells was found to be efficient (> 50% during an 8-hr chase) . The 
prM-E secreted from both mammalian and mosquito cells was in the form 



centrif ugation, sensitivity to nonionic detergent, and analysis of 
processing of N-linked glycans. The truncated E protein expressed by 
the dsSIN recombinants was secreted efficiently from both mammalian and 
mosquito cells. Coinfection experiments with the dsSIN-JEV recombinants + 
wild-type vaccinia virus and vP829 + SIN demonstrated that the reduced 
level of secretion of subviral particles exhibited by the dsSIN-JEV 
recombinants was due to an inhibitory effect of the dsSIN vectors. 
Furthermore, this inhibitory effect was accounted for by the SIN 
nonstructural proteins since SIN replicons that express prM-E cassette 
in place of the SIN structural protein open reading frame exhibited a low 
level of subfviral particle secretion. No self-propagating infectious 
particles were produced in cells transfected with SIN replicons that 
encode the JEV prM-E cassette. The suppression of subviral 
particle secretion was apparently correlated with the inhibition of cell 
protein synthesis which is mediated in SIN-infected vertebrate cells by 
expression of the SIN nonstructural proteins. 

L36 ANSWER 4 OF 5 MEDLINE on STN 

93297134. PubMed ID: 8517028. Regulation of the late events in 

flavi virus protein processing and maturation. Yamshchikov V F; Compans R 
W. (Department of Microbiology, University of Alabama, Birmingham 35294. ) 
Virology, (1993 Jan) Vol. 192, No. 1, pp. 38-51. Journal code: 0110674. 
ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB In order to determine the requirements for secretion of flavivirus 

structural proteins, we analyzed the expression of several West Nile 
flavivirus gene cassettes of different lengths in vaccinia virus 
expression systems. Expression of the longest cassette coding for the 
5 ' -nontranslated region, proteins C through NS2B, and the protease domain 
of NS3, resulted in secretion of prM-E complexes and cleavage of 
prM. The presence and proper processing of the NS2A-NS2B-NS3 region 
appeared to be necessary for prM-E secretion. These proteins were 
released from cells mostly as membranous complexes which may represent 
empty viral envelopes. Cleavage of the membrane-associated intracellular 
form of protein C (C(i)) to produce the virion form (Ce) appeared to be 
critical for release of viral proteins. The presence and proper cleavage 
of the NS2A-NS2B-NS3 region were also found to be necessary for efficient 
C-prM cleavage by signalases. The NS2B-NS3 complex was implicated in 
cleavage of the intracellular form of protein C. Formation of a low level 
of virus-like particles was detected by electron microscopy. A 
model for virion formation, suggesting a critical role of the NS2B and NS3 
proteins, is discussed. 

L36 ANSWER 5 OF 5 MEDLINE on STN 

92263775. PubMed ID: 1585642. Mice immunized with a subviral particle 
containing the Japanese encephalitis virus prM/M and E proteins 
are protected from lethal JEV infection. Konishi E; Pincus S; Paoletti E; 
Shope R E; Burrage T; Mason P W. (Department of Epidemiology and Public 
Health, Yale University School of Medicine, New Haven, Connecticut 06510. 
) Virology, (1992 Jun) Vol. 188, No. 2, pp. 714-20. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB Extracellular subviral particles produced by HeLa cells infected with 
a recombinant vaccinia virus encoding the prM and E genes of 
Japanese encephalitis virus (JEV) were purified and characterized. 
These particles contained the JEV prM/M and E proteins embedded in a 
lipid bilayer, and RNA was not detected in particles using the polymerase 
chain reaction and primers recognizing a part of the JEV E gene. The 
particles were uniformly spherical with a 20-nm diameter and had 5-nm 
projections on their surface. Mice that received a single inoculation of 
the purified extracellular particles emulsified with Freund 1 s complete 
adjuvant were fully protected against 4.9 x 10(5) LD50 of JEV. Comparison 
of the neutralizing and hemagglutination-inhibiting antibody titers and 
radioimmunoprecipitation data showed that immunization with the particles 
induced an immune response similar to that following inoculation with the 
recombinant vaccinia virus. 
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=> d 137, cbib,ab, 70-83) 

•70-83) 1 IS NOT A VALID FORMAT FOR FILE 'MEDLINE ' 
The following are valid formats: 
The default display format is BIB. 
ABS AB 

ALL AN, DN, TI, AU, CS, NC f SO, CM, CY, DT, LA, FS, OS, EM, 

ED, AB, ST, CT, NA, RN, CN, GEN 

BIB AN, DN, TI, AU, CS, NC, SO, CY, DT, LA, FS, OS, EM, ED 

CBIB AN, DN, TI, AU, CS, NC, SO, CY, DT, LA, FS, OS, EM, ED 

DALL ALL, delimited for post processing 

IABS ABS, with a text label 

I ALL ALL, indented with text labels 

IBIB BIB, indented with text labels 

IND ST, CT, NA, RN, CN, GEN 

SAM TI, ST, CT, NA, RN, CN, GEN 

TRI TI, ST, CT, NA, RN, CN, GEN 

TRIAL — TI, ST, CT, NA, RN, CN, GEN 

HIT All fields containing hit terms 

HITIND - IND 

KWIC All hit terms plus 20 words on either side 

OCC List of display fields containing hit terms 

Hit terms will be highlighted in all available fields except CM and 
PY. 

To display a particular field or fields, enter the display field 
codes. For a list of display field codes, enter 'HELP DFIELDS ' 
at an arrow prompt {=>) . Examples of formats include: 'BIB'; 
'AB'; 'SO,ST*. You may specify the format fields in any order, 
and the information will be displayed in the same order as the 
format specification. 

The same formats (except for HIT, HITIND, KWIC, and OCC) may be 

used with the DISPLAY ACC command to display the record for a 

specified Accession Number. 

ENTER DISPLAY FORMAT (BIB) :d his 

'D f IS NOT A VALID FORMAT FOR FILE 'MEDLINE ' 



The following are valid formats: 



The default display format is BIB. 
ABS AB 

ALL AN, DN, TI, AU, CS, NC, SO, CM, CY, DT, LA, FS, OS, EM, 

ED, AB, ST, CT, NA, RN, CN, GEN 

BIB AN, DN, TI, AU, CS, NC, SO, CY, DT, LA, FS, OS, EM, ED 

CBIB AN, DN, TI, AU, CS, NC, SO, CY, DT, LA, FS, OS, EM, ED 

DALL ALL, delimited for post processing 

IABS ABS, with a text label 

I ALL ALL, indented with text labels 

IBIB BIB, indented with text labels 

IND ST, CT, NA, RN, CN, GEN 

SAM TI, ST, CT, NA, RN, CN, GEN 

TRI TI, ST, CT, NA, RN, CN, GEN 

TRIAL ~ TI, ST, CT, NA, RN, CN, GEN 

HIT All fields containing hit terms 

HITIND - IND 

KWIC All hit terms plus 20 words on either side 

OCC List of display fields containing hit terms 

Hit terms will be highlighted in all available fields except CM and 
PY. 

To display a particular field or fields, enter the display field 
codes. For a list of display field codes, enter 1 HELP DFIELDS ' 
at an arrow prompt (=>) . Examples of formats include: 'BIB'; 
'AB'; 'SO, ST'. You may specify the format fields in any order, 
and the information will be displayed in the same order as the 
format specification. 

The same formats (except for HIT, HITIND, KWIC, and OCC) may be 
used with the DISPLAY ACC command to display the record for a 
specified Accession Number. 
ENTER DISPLAY FORMAT (BIB):ti 
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TI Antibody responses of dengue fever patients to dengue 2 (New Guinea C 
strain) viral proteins. 
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91083519. PubMed ID: 2260923. Expression of the structural proteins of 
dengue 2 virus and yellow fever virus by recombinant vaccinia 
viruses. Hahn Y S; Lenches E M; Galler R; Rice C M; Dalrymple J; Strauss J 
H. (Division of Biology, California Institute of Technology, Pasadena. ) 
Archives of virology, (1990) Vol. 115, No. 3-4, pp. 251-65. Journal 
code: 7506870. ISSN: 0304-8608. Pub. country: Austria. Language: English. 

AB Vaccinia virus recombinants were constructed which contained cDNA 

sequences encoding the structural region of dengue 2 virus (PR159/S1 
strain) or yellow fever virus (17D strain). The flavivirus cDNA 
sequences were expressed under the control of the vaccinia 7.5k early/late 
promotor. Cultured cells infected with these recombinants expressed 
immunologically reactive flavivirus structural proteins, precursor prM 
and E. These proteins appeared to be cleaved and glycosylated properly 
since they comigrated with the authentic proteins from dengue 2 virus- 
and yellow fever virus-infected cells. Mice immunized with the 
dengue/vaccinia recombinant showed a dengue-specific immune response 
that included low levels of neutralizing antibodies. Immunization of mice 
with the yellow fever/vaccinia recombinant was less effective at inducing 
an immune response to yellow fever virus and in only some of the 
mice were low titers of neutralizing antibodies produced. 

TI Expression of the structural proteins of dengue 2 virus and yellow 
fever virus by recombinant vaccinia viruses. 

SO Archives of virology, <1990> Vol. 115, No. 3-4, pp. 251-65. 
Journal code: 7506870. ISSN: 0304-8608. 

AB Vaccinia virus recombinants were constructed which contained cDNA 

sequences encoding the structural region of dengue 2 virus {PR159/S1 
strain) or yellow fever virus (17D strain). The flavivirus cDNA 
sequences were expressed under the control of the vaccinia 7.5k early/late 
promotor. Cultured cells infected with these recombinants expressed 
immunologically reactive flavivirus structural proteins, precursor prM 
and E. These proteins appeared to be cleaved and glycosylated properly 
since they comigrated with the authentic proteins from dengue 2 virus- 
and yellow fever virus-infected cells. Mice immunized with the 
dengue/ vaccinia recombinant showed a dengue-specific immune response 
that included low levels of neutralizing antibodies. Immunization of mice 
with the yellow fever/vaccinia recombinant was less effective at inducing 
an immune response to yellow fever virus and in only some of the 
mice were low titers of neutralizing antibodies produced. 

CT Check Tags: Female; Male 
Amino Acid Sequence 
Animals 

Antibodies, Viral: BI, biosynthesis 
Antibodies, Viral: IM, immunology 
♦Dengue Virus: GE, genetics 
Dengue Virus: IM, immunology 

Immunization 
Mice 

Mice, Inbred C57BL 
Molecular Sequence Data 
Neutralization Tests 
Plasmids 

Protein Precursors: BI, biosynthesis 

Protein. . . Viral Envelope Proteins: IM, immunology 
*Viral Structural Proteins: BI, biosynthesis 

Viral Structural Proteins: GE, genetics 

Viral Structural Proteins: IM, immunology 
♦Yellow fever virus: GE, genetics 

Yellow fever virus: IM, immunology 
CN 0 (Antibodies, Viral); 0 ( E-glycoprotein, Dengue virus type 2); 0 

(Protein Precursors); 0 (Viral Envelope Proteins); 0 (Viral Structural 
Proteins ) 
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recombinants produce particulate forms of the structural membrane proteins 
and induce high levels of protection against lethal JEV infection. Mason P 
W; Pincus S; Fournier M J; Mason T L; Shope R E; Paoletti E. {Department 
of Epidemiology and Public Health, Yale University School of Medicine, New 
Haven, Connecticut 06510. ) Virology, (1991 Jan) Vol. 180, No. 1, pp. 
294-305. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB Four recombinant vaccinia viruses were engineered for expression of 
different portions of the Japanese encephalitis virus (JEV) open 
reading frame. All four recombinant vaccinias contained the NS1 and NS2A 
genes, and each of these viruses specified the synthesis, glycosylation, 
and secretion of the nonstructural glycoprotein (NS1). All four 
recombinants also contained the E gene, and each virus correctly 
directed the synthesis and glycosylation of the envelope glycoprotein 
(E) . Interestingly, two of these viruses (vP555 and vP650), which 
expressed the prM gene in addition to E and NS1, produced an 
extracellular hemagglutinin containing M and E that migrated in sucrose 
gradients similarly to the slowly-sedimenting hemagglutinin found in the 
culture fluid of JEV-infected cells. Immunization of 3-week-old mice with 
the recombinant viruses vP555 and vP658 resulted in immune responses to 
NS1, whereas only the virus that directed the synthesis of extracellular 
forms of E (vP555) induced an immune response to E. Both viruses 
provided protection against lethal challenge with JEV. Animals given two 
inoculations with vP555 were fully protected from greater than 10,000 LD50 
of JEV. This high level of protection was correlated with the production 
of high titers of neutralizing and hemagglutination-inhibiting antibodies. 

TI Japanese encephalitis virus-vaccinia recombinants produce 

particulate forms of the structural membrane proteins and induce high 
levels of protection against lethal JEV infection. 

SO Virology, (1991 Jan) Vol. 180, No. 1, pp. 294-305. 
Journal code: 0110674. ISSN: 0042-6822. 

AB Four recombinant vaccinia viruses were engineered for expression of 
different portions of the Japanese encephalitis virus (JEV) open 
reading frame. All four - recombinant vaccinias contained the NS1 and NS2A 
genes, and each of these viruses specified the synthesis, glycosylation, 
and secretion of the nonstructural glycoprotein (NS1). All four 
recombinants also contained the E gene, and each virus correctly 
directed the synthesis and glycosylation of the envelope glycoprotein 
(E) . Interestingly, two of these viruses (vP555 and vP650), which 
expressed the prM gene in addition to E and NS1, produced an 
extracellular hemagglutinin containing M and E that migrated in sucrose 
gradients similarly to the slowly-sedimenting hemagglutinin found in the 
culture fluid of JEV-infected cells. Immunization of. . . and vP658 
resulted in immune responses to NS1, whereas only the virus that directed 
the synthesis of extracellular forms of E (vP555) induced an immune 
response to E. Both viruses provided protection against lethal 
challenge with JEV. Animals given two inoculations with vP555 were fully 
protected from greater. 
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90320126. PubMed ID: 2371768. Nucleotide sequence of the virulent SA-14 
strain of Japanese encephalitis virus and its attenuated vaccine 
derivative, SA-14-14-2. Nitayaphan S; Grant J A; Chang G J; Trent D W. 
(Division of Vector-Borne Infections Diseases, Centers for Disease 
Control, Fort Collins, Colorado 80522. ) Virology, (1990 Aug) Vol. 177, 
No. 2, pp. 541-52. Journal code: 0110674. ISSN: 0042-6822. Pub. country: 
United States. Language: English. 

AB The attenuated SA-14-14-2 strain of Japanese encephalitis (JE) virus has 
been used to immunize people in the People's Republic of China. 
Oligonucleotide fingerprints of the parent SA-14 and vaccine strain 
indicate that multiple genetic changes occurred during attenuation of the 
virus. We have cloned and sequenced the genomes of both the virulent 
SA-14 and attenuated SA-14-14-2 viruses to define molecular differences in 
the genomes. Forty-five nucleotide differences, resulting in 15 amino 
acid substitutions, were found by comparing sequences of the SA-14 and 
SA-14-14-2 genomes. Transversion of U to A occurred at position 39 in the 
5'-noncoding region of SA-14-14-2 and another SA-14 vaccine derivative 
SA-14-5-3. A single nucleotide change in the capsid gene of SA-14-14-2 
altered a single amino acid which changed its predicted secondary 
structure. A silent nucleotide change was found in the prM gene 
sequence and the M-protein was unchanged. There are seven nucleotide 
differences, resulting in five amino acid changes, in the E glycoprotein 
sequence of the two viruses. Nine amino acid differences were found in 
the nonstructural proteins of SA-14 and SA-14-14-2: one in NS2A, two in 
NS2B, three in NS3, one in ns4a, and two in NS5. A single nucleotide 
change at position 10,428 in the 3 f -noncoding region is vaccine 
virus-specific. The nucleotide and deduced amino acid sequences of the 
vaccine strain SA-14-14-2, the parent virus SA-14, and virulent strains 
JaOArS982 and Beijing-1 have been compared and are highly conserved. 

TI Nucleotide sequence of the virulent SA-14 strain of Japanese 

encephalitis virus and its attenuated vaccine derivative, SA-14-14-2. 

SO Virology, (1990 Aug) Vol. 177, No. 2, pp. 541-52. 



AB SA-14-14-2 altered a single amino acid which changed its 

predicted secondary structure. A silent nucleotide change was found in 
the prM gene sequence and the M-protein was unchanged. There are seven 
nucleotide differences, resulting in five amino acid changes, in the E 
glycoprotein sequence of the two viruses. Nine amino acid differences 
were found in the nonstructural proteins of SA-14 and SA-14-14-2:. 
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90281579. PubMed ID: 23534 52. Production of yellow fever virus 

proteins in infected cells: identification of discrete polyprotein species 
and analysis of cleavage kinetics using region-specific polyclonal 
antisera. Chambers T J; McCourt D W; Rice C M. (Department of Molecular 
Microbiology, Washington University School of Medicine, St. Louis, 
Missouri 63110-1093. ) Virology, (1990 Jul) Vol. 177, No. 1, pp. 159-74. 
Journal code: 0110674. ISSN: 0042-6822. Pub. country: United States. 
Language: English. 

AB Flavivirus proteins are produced by translation of a single long open 
reading frame and a complex series of cotranslational and 
post-translational proteolytic cleavages. To study these processing 
events in yellow fever virus (YF) -infected cells, polyclonal 
antisera recognizing C, prM, E, NS1, NS2B, NS3, NS4B, and NS5 were 
generated using peptide and fusion protein immunogens. Evidence suggests 
that production of the structural protein precursors involves rapid 
cotranslational processing consistent with signalase cleavages. The 
synthesis of the NS1 glycoprotein involves cleavage of polyprotein 
precursors {tl/2 approximately 10 minutes) which probably contain portions 
of the NS2A gene product. Endoglycosidase F treatment or labeling in the 
presence of tunicamycin suggests that YF prM and NS1 each have two 
N-linked oligosaccharides. NS2B is produced without any identifiable 
precursors or associated polyprotein species. Processing of the NS3-4-5 
region is complex and occurs rapidly. A series of polyproteins can be 
detected whose molecular weights correlate with the cleavage sites defined 
by available N-terminal amino acid sequence data. However, convincing 
precursor-product relationships between these polyproteins and the mature 
NS3 and NS5 proteins could not be demonstrated. In contrast, NS4B appears 
to be produced by cleavage of a discrete precursor believed to be NS4AB. 
N-terminal sequence data for the putative NS4AB product has tentatively 
defined the NS3-4A cleavage site. A scheme for in vivo processing of the 
YF polyprotein is presented and discussed. 

TI Production of yellow fever virus proteins in infected cells: 

identification of discrete polyprotein species and analysis of cleavage 
kinetics using region-specific polyclonal antisera. 

SO Virology, (1990 Jul) Vol. 177, No. 1, pp. 159-74. 
Journal code: 0110674. ISSN: 0042-6822. 

AB Flavivirus proteins are produced by translation of a single long open 
reading frame and a complex series of cotranslational and 
post-translational proteolytic cleavages. To study these processing 
events in yellow fever virus (YF) -infected cells, polyclonal 
antisera recognizing C, prM, E, NS1, NS2B, NS3, NS4B, and NS5 were 
generated using peptide and fusion protein immunogens. Evidence suggests 
that production of the. . . contain portions of the NS2A gene product. 
Endoglycosidase F treatment or labeling in the presence of tunicamycin 
suggests that YF prM and NS1 each have two N-linked oligosaccharides. 
NS2B is produced without any identifiable precursors or associated 
polyprotein species. Processing of. 

CT ... U.S. Gov't, Non-P.H.S. 

Research Support, U.S. Gov't, P.H.S. 
Restriction Mapping 
Sulfur Radioisotopes 
Viral Proteins: BI, biosynthesis 
*Viral Proteins: GE, genetics 
♦Yellow fever virus: GE, genetics 
Yellow fever virus: ME, metabolism 
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893827 62. PubMed ID: 2674 47 9. Processing of yellow fever virus 

polyprotein: role of cellular proteases in maturation of the structural 
proteins. Ruiz-Linares A; Cahour A; Despres P; Girard M; Bouloy M. (Centre 
National de la Recherche Scienti f ique, UA 545, Institut Pasteur, Paris, 
France. ) Journal of virology, (1989 Oct) Vol. 63, No. 10, pp. 4199-209. 
Journal code: 0113724. ISSN: 0022-538X. Pub. country: United States. 
Language: English. 

AB The yellow fever virus (YFV) cDNA segment coding for the part of the 

precursor polyprotein generating the structural proteins C (capsid), prM 
(precursor to the membrane protein M) , and E (envelope) was expressed in 
vitro by using the T7 promoter-polymerase transcription system coupled to 
translation in rabbit reticulocyte lysates. A polypeptide of the expected 
molecular weight was observed to accumulate in the assay and was processed 
into proteins C, prM, and E only when dog pancreas microsomal 
membranes were added to the translation system. Proteins prM and E 
were translocated inside the endoplasmic reticulum, where prM underwent 
glycosylation . Regions essential for translocation of these proteins were 



proteins C and prM, respectively. Translocation of protein prM 
appeared to be less efficient than that of protein E. Maturation of 
these proteins followed different kinetics, indicating that the prM 
signal is probably cleaved off more slowly. A polypeptide composed of 
proteins C and prM, similar to the NVx polypeptide described in yellow 
fever virus-infected cells, was also produced in the in vitro system 
in the presence of membranes. No mature protein M was detected, 
suggesting that the cleavage of prM to M is a late processing event 
mediated by a protease different from endoplasmic reticulum signalases. 
TI Processing of yellow fever virus polyprotein: role of cellular 

proteases in maturation of the structural proteins. 
SO Journal of virology, (1989 Oct) Vol. 63, No. 10, pp. 4199-209. 

Journal code: 0113724. ISSN: 0022-538X. 
AB The yellow fever virus (YFV) cDNA segment coding for the part of the 

precursor polyprotein generating the structural proteins C (capsid), prM 
(precursor to the membrane protein M), and E (envelope) was expressed in 
vitro by using the T7 promoter -polymerase transcription system coupled to 
translation in rabbit reticulocyte lysates. A polypeptide of the expected 
molecular weight was observed to accumulate in the assay and was processed 
into proteins C, prM, and E only when dog pancreas microsomal 
membranes were added to the translation system. Proteins prM and E 
were translocated inside the endoplasmic reticulum, where prM underwent 
glycosylation. Regions essential for translocation of these proteins were 
localized to the 18- and 15-amino-acid C-terminal hydrophobic regions of 
proteins C and prM, respectively. Translocation of protein prM 
appeared to be less efficient than that of protein E. Maturation of 
these proteins followed different kinetics, indicating that the prM 
signal is probably cleaved off more slowly. A polypeptide composed of 
proteins C and prM, similar to the NVx polypeptide described in yellow 
fever virus-infected cells, was also produced in the in vitro system 
in the presence of membranes. No mature protein M was detected, 
suggesting that the cleavage of prM to M is a late processing event 
mediated by a protease different from endoplasmic reticulum signalases. 
CT ... Research Support, Non-U. S. Gov't 

Viral Envelope Proteins: AN, analysis 

Viral Proteins: GE, genetics 
*Viral Proteins: ME, metabolism 

Viral Structural Proteins 
♦Yellow fever virus: ME, metabolism 
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89311624. PubMed ID: 2501515. In vitro processing of dengue virus 

structural proteins: cleavage of the pre-membrane protein. Markoff L. 
(Laboratory of Infectious Diseases, National Institute of Allergy and 
Infectious Diseases, Bethesda, Maryland 20892. ) Journal of virology, 
(1989 Aug) Vol. 63, No. 8, pp. 3345-52. Journal code: 0113724. ISSN: 
0022-538X. Pub. country: United States. Language: English. 

AB Processing of dengue virus structural proteins was assessed in vitro. 

RNA transcripts for cell-free translation were prepared from cloned DNA 
(dengue virus type 4, strain 814669 genome) encoding capsid, 
pre-membrane (prM), and the first 23 amino acids of envelope (E). 
Processing of a 33-kilodalton precursor polypeptide encoded by wild-type 
RNA transcripts occurred only in the presence of added microsomal 
membranes. Under these conditions, cleavage at the capsid-prM and 
prM-E sites and glycosylation of prM occurred in association with 
translocation. Amino acid sequence analysis confirmed that translation 
initiated at the predicted N terminus of the capsid and that capsid-prM 
cleavage occurred at the predicted site for the action of signal peptidase 
following a candidate signal sequence (hydrophobic residues 100 to 113) in 
the dengue virus precursor. Mutations were introduced into the dengue 
virus DNA template by site-directed mutagenesis, altering nucleotide 
sequences encoding the capsid and the candidate signal for prM. The 
phenotypes of the mutants were deduced by analysis of the products of 
cell-free translation of the respective RNA transcripts. The resulting 
observations confirmed that cleavage at the capsid-prM and prM-E 
sites is effected entirely by signal peptidase and that the candidate 
signal is required for translocation. 

TI In vitro processing of dengue virus structural proteins: cleavage of the 
pre-membrane protein. 

SO Journal of virology, (1989 Aug) Vol. 63, No. 8, pp. 3345-52. 
Journal code: 0113724. ISSN: 0022-538X. 

AB Processing of dengue virus structural proteins was assessed in vitro. 

RNA transcripts for cell-free translation were prepared from cloned DNA 
(dengue virus type 4, strain 814669 genome) encoding capsid, 
pre-membrane (prM), and the first 23 amino acids of envelope (E) . 
Processing of a 33-kilodalton precursor polypeptide encoded by wild-type 
RNA transcripts occurred only in the presence of added microsomal 
membranes. Under these conditions, cleavage at the capsid-prM and 
prM-E sites and glycosylation of prM occurred in association with 
translocation. Amino acid sequence analysis confirmed that translation 
initiated at the predicted N terminus of the capsid and that capsid-prM 
cleavage occurred at the predicted site for the action of signal peptidase 



the dengue virus precursor. Mutations were introduced into the dengue 
virus DNA template by site-directed mutagenesis, altering nucleotide 
seguences encoding the capsid and the candidate signal for prM. The 
phenotypes of the mutants were deduced by analysis of the products of 
cell-free translation of the respective RNA transcripts. The resulting 
observations confirmed that cleavage at the capsid-prM and prM-E 
sites is effected entirely by signal peptidase and that the candidate 
signal is required for translocation. 
CT Amino Acid Sequence 
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89299482. PubMed ID: 2741348. Definition of the carboxy termini of the 

three glycoproteins specified by dengue virus type 2. Wright P J; Cauchi 
MR; Ng M L. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) Virology, (1989 Jul) Vol. 171, No. I, pp. 61-7. 
Journal code: 0110674. ISSN: 0042-6822. Pub. country: United States. 
Language : English . 

AB The carboxy termini of the three glycoproteins (prM, E, and NS1 ) 
specified by dengue virus type 2 (DEN-2) were determined. The 
glycoproteins were radiolabeled with selected amino acids chosen following 
analysis of the deduced amino acid sequence of the polyprotein and then 
digested with carboxypeptidase A. The pattern of release of radioactive 
amino acids enabled definition of the carboxy termini. In addition, the 
amino terminus of NS2A was determined by Edman degradation of the 
radiolabeled protein. The results showed that no amino acids were lost at 
the carboxy termini of prM, E, and NS1 during their cleavage from the 
DEN-2 polyprotein. For each glycoprotein, the carboxy terminal amino acid 
immediately preceded the amino terminal acid of the following polypeptide. 

TI Definition of the carboxy termini of the three glycoproteins specified by 
dengue virus type 2. 

SO Virology, (1989 Jul) Vol. 171, No. 1, pp. 61-7. 
Journal code: 0110674. ISSN: 0042-6822. 

AB The carboxy termini of the three glycoproteins (prM, E, and NS1 ) 
specified by dengue virus type 2 (DEN-2) were determined. The 
glycoproteins were radiolabeled with selected amino acids chosen following 
analysis of the deduced. . . Edman degradation of the radiolabeled 
protein. The results showed that no amino acids were lost at the carboxy 
termini of prM, E, and NS1 during their cleavage from the DEN-2 
polyprotein. For each glycoprotein, the carboxy terminal amino acid 
immediately preceded the. 

CT Amino Acid Sequence 
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Carboxypeptidases A 
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89269091. PubMed ID: 2543161. Flaviviruses can mediate fusion from 

without in Aedes albopictus mosquito cell cultures. Summers P L; Cohen W 
H; Ruiz M M; Hase T; Eckels K H. (Department of Biologies Research, Walter 
Reed Army Institute of Research, Washington 20307-5100. ) Virus research, 
(1989 Apr) Vol. 12, No. 4, pp. 383-92. Journal code: 8410979. ISSN: 
0168-1702. Pub. country: Netherlands. Language: English. 

AB Flavivirus- induced polykaryocytes were detected in monolayers of Aedes 

albopictus (clone C6/36) mosquito cells as early as 20 min after adsorbing 
virus to these cells. A high multiplicity of infection with dengue 
(DEN)-l, 2, 3, 4, Japanese encephalitis, and yellow fever viruses 
was required to demonstrate fusion from without (FFWO) with these 
flaviviruses. Optimal conditions for FFWO included exposure of adsorbed 
virus to pH 6.0 and an incubation temperature of 39 degrees C. DEN-2 
monoclonal antibodies to the envelope E glycoprotein inhibited cell 
fusion, whereas monoclonal antibodies to the prM and NS1 proteins did 
not inhibit cell fusion. These results indicate that flaviviruses cause 
FFWO soon after adsorption to C6/36 mosquito cells and the process is most 
likely mediated by the virion envelope E glycoprotein. 

TI Flaviviruses can mediate fusion from without in Aedes albopictus 
mosquito cell cultures. 



Journal code: 8410979. ISSN: 0168-1702. 

AB Flavivirus-induced polykaryocytes were detected in monolayers of Aedes 

albopictus (clone C6/36) mosquito cells as early as 20 min after adsorbing 
virus to these cells. A high multiplicity of infection with dengue 
(DEN)-l, 2, 3, 4, Japanese encephalitis, and yellow fever viruses 
was required to demonstrate fusion from without (FFWO) with these 
f lavi viruses . Optimal conditions for FFWO included exposure of adsorbed 
virus to pH 6.0 and an incubation temperature of 39 degrees C. DEN-2 
monoclonal antibodies to the envelope E glycoprotein inhibited cell 
fusion, whereas monoclonal antibodies to the prM and NS1 proteins did 
not inhibit cell fusion. These results indicate that flaviviruses cause 
FFWO soon after adsorption to C6/36 mosquito cells and the process is most 
likely mediated by the virion envelope E glycoprotein. 

CT Aedes 
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*Cell Fusion 

Cells, Cultured 
*Flavi virus : PH , physiology 

Hydrogen-Ion Concentration 

Temperature 

Viral Envelope Proteins: PH, physiology 
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88258474. PubMed ID: 3385407. Partial nucleotide sequence and deduced 
amino acid sequence of the structural proteins of dengue virus type 2, 
New Guinea C and PUO-218 strains. Gruenberg A; Woo W S; Biedrzycka A; 
Wright P J. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) The Journal of general virology, (1988 Jun) Vol. 
69 ( Pt 6), pp. 1391-8. Journal code: 0077340. ISSN: 0022-1317. Pub. 
country: ENGLAND: United Kingdom. Language: English. 

AB The nucleotide sequence and the deduced amino acid sequence for the genes 
encoding the structural proteins of two strains of dengue virus type 2 
(DEN-2) were determined from cDNA clones. The genes for C, prM(M) and 
E proteins were sequenced for the prototype DEN-2 virus, the New Guinea 
C strain. Also sequenced were the prM(M) and E genes of PUO-218. 
This strain of DEN-2 was isolated during 1980 in Bangkok and had received 
a limited number of laboratory passages. Comparisons of the newly 
determined sequences with those published for the Jamaica 1409 and Puerto 
Rico PR-159 (SI vaccine candidate) strains revealed a close relationship 
between New Guinea C virus and both the Jamaica and PUO-218 viruses 
(greater than 96% similarity in nucleotides of the E gene), whereas SI 
virus was the most divergent.' 

TI Partial nucleotide sequence and deduced amino acid sequence of the 

structural proteins of dengue virus type 2, New Guinea C and PUO-218 
strains . 

SO The Journal of general virology, (1988 Jun) Vol. 69 ( Pt 6), pp. 1391-8. 

Journal code: 0077340. ISSN: 0022-1317. 
AB ... The nucleotide sequence and the deduced amino acid sequence for 
the genes encoding the structural proteins of two strains of dengue 
virus type 2 (DEN-2) were determined from cDNA clones. The genes for C, 
prM(M) and E proteins were sequenced for the prototype DEN-2 virus, 
the New Guinea C strain. Also sequenced were the prM(M) and E genes 
of PUO-218. This strain of DEN-2 was isolated during 1980 in Bangkok and 
had received a limited number of. . . between New Guinea C virus and 
both the Jamaica and PUO-218 viruses (greater than 96% similarity in 
nucleotides of the E gene), whereas SI virus was the most divergent. 
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88237578. PubMed ID: 2837017. Translation mapping with the flavivirus 
Kunjin: gene order and anomalies in translation of Ns5. Schrader A P; 
Westaway E G. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) Virus research, (1988 Mar) Vol. 9, No. 4, pp. 
323-33. Journal code: 8410979. ISSN: 0168-1702. Pub. country: 
Netherlands. Language: English. 

AB Kunjin (KUN) virus-infected cells were synchronized in translation by 
reversal of hypertonic inhibition; cells were then pulse-labelled with 
[35S] methionine. Electrophoretic analyses defined the sequence of 



previously to be unique and unrelated. GP44 or NS1 was inadequately- 
labelled for analysis and was assumed to be translated sequentially after 
E in the polyprotein sequence. The relationship of the KUN gene order 
obtained by translation mapping to that proposed by Rice et al. Science 
(1985) 229, 726-733 based on the nucleotide sequence of yellow fever 
virus is as follows: KUN: 5 1 -C. GP20 . E . GP4 4 . PI 9 . P10 . P71 . { ? ) . P21 . P98-3 ' 
YF: 5 , -C.prM.E.NSl.ns2a.ns2b.NS3.ns4a.ns4b. NS5-3 1 . These results 
eliminate the ambiguities in identities of the previously hypothetical 
ns2a, ns2b and ns4b. Although ns4a was not positively identified, a 
labelled protein of Mr 12,000 to 14,000 was observed in one experiment and 
it mapped in the appropriate position for ns4a. Variation occurred in 
translation of NS5 when the hypertonic treatment of 40 min at 37 degrees C 
was reduced in time or in temperature. 

TI Translation mapping with the flavivlrus Kunjin: gene order and anomalies 
in translation of Ns5. 

SO Virus research, (1988 Mar) Vol. 9, No. 4, pp. 323-33. 
Journal code: 8410979. ISSN: 0168-1702. 

AB ... be unique and unrelated. GP44 or NS1 was inadequately labelled 
for analysis and was assumed to be translated sequentially after E in 
the polyprotein sequence. The relationship of the KUN gene order obtained 
by translation mapping to that proposed by Rice et al. Science (1985) 
229, 726-733 based on the nucleotide sequence of yellow fever virus 
is as follows: KUN: 5 1 -C. GP20 . E .GP4 4 . PI 9 . P10 . P71 . ( ? ) . P21 . P98-3 1 YF: 
5' -C.prM.E.NSl . ns2a .ns2b.NS3.ns4a . ns4b. NS5-3' . These results 
eliminate the ambiguities in identities of the previously hypothetical 
ns2a, ns2b and ns4b. Although ns4a was not. 
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88089524. PubMed ID: 2826659. Nucleotide and complete amino acid sequences 
of Kunjin virus: definitive gene order and characteristics of the 
virus-specified proteins. Coia G; Parker M D; Speight G; Byrne M E; 
Westaway E G. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) The Journal of general virology, (1988 Jan) Vol. 
69 ( Pt 1), pp. 1-21. Journal code: 0077340. ISSN: 0022-1317. Pub. 
country: ENGLAND: United Kingdom. Language: English. 

AB A Kunjin (KUN) virus cDNA sequence of 10664 nucleotides was obtained and 
it encoded a single open reading frame for 3433 amino acids. Partial 
N-terminal amino acid analyses of KUN virus-specified proteins identified 
the polyprotein cleavage sites and the definitive gene order. The gene 
order relative to that proposed for yellow fever (YF) virus is as follows: 
KUN 5* -C.GP20.E.GP44 . P19. P10. P71 . (?) . P21. P98-3' YF 5'- 
C.prM.E.NSl . ns2a. ns2b.NS3.ns4a .ns4b. NS5-3 1 . The order of putative 
signal sequences and stop transfer sequences indicated that KUN NS1, NS2A 
and NS4B are probably cleaved in the lumen of the endoplasmic reticulum, 
at a consensus site Val-X-Ala decreases where X is an uncharged residue, 
and NS2B, NS3 and NS5 are cleaved in the cytosol at the site Lys-Arg 
decreases Gly. Comparisons with the complete amino acid sequences of YF 
and West Nile (WN) viruses showed that KUN virus shared 93% homology with 
WN virus, but only 46% homology with YF virus. Comparisons among 
individual gene products of six flaviviruses showed that E, NS1, NS3 
and NS5 tended to be the most highly conserved, and C among the least 
conserved. Homologous cleavage sites were evident, and six domains in 
NS5, a total of over 170 residues, shared at least 85% homology. 
Comparisons with the KUN C to NS2B sequence defined a gradient of 
relationships of all gene products in decreasing order WN greater than 
Murray Valley greater than Japanese encephalitis greater than St Louis 
encephalitis viruses within this closely related serological complex. A 
non-coding 5' sequence (75 nucleotides) of KUN virus shared 95% homology 
with WN virus and a shorter imperfect match with Murray Valley 
encephalitis virus (15 of 18 nucleotides). The KUN non-coding 3' sequence 
of 290 nucleotides contained several short and imperfectly matched 
sequences, and shared 87% homology over the distal region of 191 
nucleotides with the corresponding region of WN virus RNA. 

SO The Journal of general virology, (1988 Jan) Vol. 69 ( Pt 1 ) , pp. 1-21. 
Journal code: 0077340. ISSN: 0022-1317. 

AB ... the definitive gene order. The gene order relative to that 
proposed for yellow fever (YF) virus is as follows: KUN 
5'-C.GP20.E.GP44.P19.P10.P71. (?) .P21.P98-3* YF 5'- 

C.prM.E.NSl.ns2a.ns2b.NS3.ns4a.ns4b. NS5-3 1 . . The order of putative 
signal sequences and stop transfer sequences indicated that KUN NS1, NS2A 



4 6% homology with YF virus. Comparisons among individual gene products of 
six flavi viruses showed that E, NS1, NS3 and NS5 tended to be the most 
highly conserved, and C among the least conserved. Homologous cleavage 
sites. 
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87122172. PubMed ID: 3027980. Partial nucleotide sequence of St. Louis 

encephalitis virus RNA: structural proteins, NS1, ns2a, and ns2b. Trent D 
W; Kinney R M; Johnson B J; Vorndam A V; Grant J A; Deubel V; Rice C M; 
Hahn C. Virology, (1987 Feb) Vol. 156, No. 2, pp. 293-304. Journal 
code: 0110674. ISSN: 0042-6822. Pub. country: United States. Language: 
English. 

AB cDNA clones of the St. Louis encephalitis (SLE) virus genome have been 
obtained and the nucleotide sequence of 4.7 kb corresponding to the 5* 
terminal half of the genome determined. The genome contains a 5' 
noncoding region of 98 nucleotides followed by a single continuous open 
reading frame that encodes three structural proteins in the order capsid 
(C), membrane precursor (prM) -membrane (M) , and envelope (E) . 
Immediately following the C-terminus of E are located nonstructural 
proteins NS1 through NS3. The SLE amino acid sequence homology with 
yellow fever (YF) , Murray Valley encephalitis (MVE), West Nile (WN), and 
dengue-2 (DEN) viruses over the sequenced region is 39, 66, 64, and 43%, 
respectively. The start of each SLE protein has been assigned on the 
basis of N-terminal sequence data and potential proteolytic cleavage sites 
homologous with YF and MVE viruses. Flaviviruses have conserved 
glycosylation sites in prM and NS1 proteins, although only one of the 
two glycosylation sites in the SLE E protein is conserved in MVE and DEN 
viruses. An evolutionary tree showing relationships of SLE, MVE, WN, YF, 
and DEN-2 flaviviruses is proposed on the basis of the amino acid 
sequences of the C proteins. 
SO Virology, (1987 Feb) Vol. 156, No. 2, pp. 293-304. 

Journal code: 0110674. ISSN: 0042-6822. 
AB ... followed by a single continuous open reading frame that encodes 
three structural proteins in the order capsid (C), membrane precursor 
(prM) -membrane (M), and envelope (E) . Immediately following the 
C-terminus of E are located nonstructural proteins NS1 through NS3. The 
SLE amino acid sequence homology with yellow fever (YF), Murray Valley 
encephalitis (MVE), West Nile (WN), and dengue-2 (DEN) viruses over the 
sequenced region is 39, 66, 64, and 43%, respectively. The start of each 
SLE protein has. . . been assigned on the basis of N-terminal sequence 
data and potential proteolytic cleavage sites homologous with YF and MVE 
viruses. Flaviviruses have conserved glycosylation sites in prM and 
NS1 proteins, although only one of the two glycosylation sites in the SLE 
E protein is conserved in MVE and DEN viruses. An evolutionary tree 
showing relationships of SLE, MVE, WN, YF, and DEN-2 flaviviruses is 
proposed on the basis of the amino acid sequences of the C proteins. 
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87071658. PubMed ID: 3024394. Nucleotide sequence and deduced amino acid 
sequence of the structural proteins of dengue type 2 virus, Jamaica 
genotype. Deubel V; Kinney R M; Trent D W. Virology, (1986 Dec) Vol. 
155, No. 2, pp. 365-77. Journal code: 0110674. ISSN: 0042-6822. Pub. 
country: United States. Language: English. 



(Jamaica genotype) virus has been determined and the encoded proteins 
compared with those of yellow fever and West Nile viruses, which belong to 
different flavi virus serogroups. The cDNA clone which was sequenced 
contains a 5*-noncoding region of 96 nucleotides followed by a single open 
reading frame coding for the structural proteins 5 1 -C-prM(M) -E-3' and 
the beginning of the NS1 nonstructural protein. The amino acid sequence 
homology between the structural polyprotein precursor of dengue 2 virus 
and those of yellow fever and West Nile viruses is 36.5 and 42%, 
respectively. The dengue virus structural proteins are similar in size 
and composition to those of the other f lavi viruses . The basic capsid 
protein and the membrane and envelope proteins have hydrophobic regions at 
their C termini. The dengue 2 capsid C, membrane M, and envelope E 
proteins share 13, 36, and 4 3% homology, respectively, with the cognate 
proteins of yellow fever virus, and 33, 32, and 47% homology with 
the cognate proteins of West Nile virus. All 6 cysteine residues in the 
dengue 2 premembrane protein and all 12 cysteine residues in the 
dengue 2 envelope protein are conserved in the cognate proteins of 
yellow fever and West Nile viruses. 

TI Nucleotide sequence and deduced amino acid sequence of the structural 
proteins of dengue type 2 virus, Jamaica genotype. 

SO Virology, (1986 Dec) Vol. 155, No. 2, pp. 365-77. 
Journal code: 0110674. ISSN: 0042-6822. 

AB The nucleotide sequence of the 5' -terminal 2469 bases of dengue 2 

(Jamaica genotype) virus has been determined and the encoded proteins 
compared with those of yellow fever and West Nile viruses, which belong to 
different flavi virus serogroups. The cDNA clone which was sequenced 
contains a 5'-noncoding region of 96 nucleotides followed by a single open 
reading frame coding for the structural proteins 5 ' -C-prM(M) -E-3 1 and 
the beginning of the NS1 nonstructural protein. The amino acid sequence 
homology between the structural polyprotein precursor of dengue 2 virus 
and those of yellow fever and West Nile viruses is 36.5 and 42%, 
respectively. The dengue virus structural proteins are similar in size 
and composition to those of the other flaviviruses . The basic capsid 
protein and the membrane and envelope proteins have hydrophobic regions at 
their C termini. The dengue 2 capsid C, membrane M, and envelope E 
proteins share 13, 36, and 43% homology, respectively, with the cognate 
proteins of yellow fever virus, and 33, 32, and 47% homology with 
the cognate proteins of West Nile virus. All 6 cysteine residues in the 
dengue 2 premembrane protein and all 12 cysteine residues in the 
dengue 2 envelope protein are conserved in the cognate proteins of 
yellow fever and West Nile viruses. 
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86200215. PubMed ID: 3009829. Partial nucleotide sequence of the Murray 
Valley encephalitis virus genome. Comparison of the encoded polypeptides 
with yellow fever virus structural and non-structural proteins. 
Dalgarno L; Trent D W; Strauss J H; Rice C M. Journal of molecular 
biology, (1986 Feb 5) Vol. 187, No. 3, pp. 309-23. Journal code: 
2985088R. ISSN: 0022-2836. Pub. country: ENGLAND: United Kingdom. 
Language: English. 

AB The sequence of 5400 bases corresponding to the 5* -terminal half of the 
Murray Valley encephalitis virus genome has been determined. The genome 
contains a 5* non-coding region of about 97 nucleotides, followed by a 
single continuous open reading frame that encodes the structural proteins 
followed by the non-structural proteins. Amino acid sequence homology 
between the Murray Valley encephalitis and yellow fever (Rice et al . , 
1985) polyproteins is 42% over the region sequenced. The start points of 
the various Murray Valley encephalitis virus-coded proteins have been 
assigned on the basis of this homology and a consistent set of potential 
proteolytic cleavage sites identified, the sequences of which are similar 
in Murray Valley encephalitis and yellow fever. The deduced Murray Valley 
encephalitis gene order is 5'-C-prM (M) -E-NSl-ns2a-ns2b-NS3-3 1 . The 
genome organization of Murray Valley encephalitis and yellow fever appears 
to be identical and the sizes of the predicted virus-coded proteins 
similar between the two viruses. Both viruses encode a basic capsid 
protein followed by three glycoproteins; the glycoproteins appear to have 
the conventional topology of N terminus outside with a C-terminal 
membrane-spanning domain. There are conserved glycosylation sites in 



non-structural protein of uncertain function. The glycosylation sites in 
E, the major envelope protein of the virion, are not conserved as to 
position. We predict the existence, in flavivirus-inf ected cells, of 
two small, hydrophobic peptides, ns2a and ns2b, which show only limited 
amino acid sequence homology. Finally, about half of the amino acid 
sequence of NS3 has been obtained; NS3 is a hydrophilic non-structural 
protein that shows 55% amino acid sequence similarity between Murray 
Valley encephalitis and yellow fever over the region sequenced and is 
probably involved in RNA replication. 

TI Partial nucleotide sequence of the Murray Valley encephalitis virus 
genome. Comparison of the encoded polypeptides with yellow fever 
virus structural and non-structural proteins. 

SO Journal of molecular biology, (1986 Feb 5) Vol. 187, No. 3, pp. 309-23. 
Journal code: 2985088R. ISSN: 0022-2836. 

AB sequences of which are similar in Murray Valley encephalitis and 

yellow fever. The deduced Murray Valley encephalitis gene order is 
5*-C-prM (M) -E-NSl-ns2a-ns2b-NS3-3 ' . The genome organization of 
Murray Valley encephalitis and yellow fever appears to be identical and 
the sizes of the predicted. . . to have the conventional topology of N 
terminus outside with a C-terminal membrane-spanning domain. There are 
conserved glycosylation sites in prM, the precursor to the M protein of 
the virion, and in NS1, a non-structural protein of uncertain function. 
The glycosylation sites in E, the major envelope protein of the virion, 
are not conserved as to position. We predict the existence, in 
flavi virus-infected cells, of two small, hydrophobic peptides, ns2a and 
ns2b, which show only limited amino acid sequence homology. Finally, 
about half. 
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94082440. PubMed ID: 8259646. Structural changes and functional control of 
the tick-borne encephalitis virus glycoprotein E by the heterodimeric 
association with protein prM. Heinz F X; Stiasny K; Puschner-Auer G; 
Holzmann H; Allison S L; Mandl C W; Kunz C. (Institute of Virology, 
University of Vienna, Austria. ) Virology, (1994 Jan) Vol. 198, No. 1, 
pp. 109-17. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB We have used tick-borne encephalitis virus to study the involvement of 
acidic compartments during the entry and release phases of flavivirus 
infection and to elucidate the role of protein prM in immature virions. 
Elevation of the pH in acidic intracellular compartments by either 
bafilyomycin Al, a specific inhibitor of the vacuolar type H(+)-ATPase or 
by NH4C1 had a strong inhibitory effect during virus penetration and also 
prevented the cleavage of prM when added in the late phase of the viral 
life cycle. In the latter case the release of virus particles was not 
impaired. These immature (prM-containing ) virions exhibited a 20- to 
50-fold lower specific infectivity and HA activity than mature virions and 
in contrast to these did not undergo low pH-triggered aggregation. The 
presence of prM also affected the binding of monoclonal antibodies to 
protein E, especially at sites which have been shown to undergo acid 
pH-induced conformational changes in mature virions. Crosslinking, 
solubilization, and sedimentation analyses revealed the existence of 
prM-E heterooligomeric complexes, suggesting that the function of 
prM is to protect protein E from undergoing the irreversible 
conformational changes in acidic compartments of the secretory pathway 
that are necessary for triggering fusion activity in the endosome during 
virus entry. 

L37 ANSWER 51 OF 83 MEDLINE on STN 

94058666. PubMed ID: 8240004. Genetic and biological differentiation of 
dengue 3 isolates obtained from clinical cases in Java, Indonesia, 
1976-1978. Lee E; Gubler D J; Weir R C; Dalgarno L. (Division of 
Biochemistry and Molecular Biology, School of Life Sciences, Australian 
National University, Canberra. ) Archives of virology, (1993) Vol. 133, 
No. 1-2, pp. 113-25. Journal code: 7506870. ISSN: 0304-8608. Pub. 
country: Austria. Language: English. 



a series of outbreaks of dengue fever and dengue haemorrhagic 
fever/dengue shock syndrome which occurred in Java, Indonesia in 
1976-1978. In the current study we compare growth characteristics in cell 
culture, and nucleotide sequence data for the viral prM and E genes, 
of five low passage DEN -3 isolates obtained during these epidemics from 
clinically defined cases. All isolates had the same passage history: 
human sera were passed twice in mosquitoes and three times in a mosquito 
cell line (Aedes albopictus, C 6/36 cells). Growth differences were 
observed between individual isolates in Vero cells; growth differences 
were not observed in C 6/36 cells. Nucleotide sequencing of the prM and 
E gene region indicated that no two isolates were identical (sequence 
divergence ranged from 0.4 to 1.6% in pairwise comparisons) but that they 
were closely enough related to present a single genetic type. There were 
one or two differences in deduced amino acid sequence in E between 
isolates. Differences were at residues 65, 187, 298 or 443. One isolate 
differed from all others at residue 16 in the M protein. No relationship 
was apparent between the amino acid sequence of M or E and the nature of 
the disease profile, the year of isolation or the geographic region of 
isolation. The isolates showed 3.5 to 4.4% nucleotide sequence divergence 
from the highly-adapted H 87 prototype, isolated in the Philippines in 
1956. The isolates showed a total of twelve common amino acid differences 
in prM and E proteins from H 87. Ten of these twelve residues were at 
positions which differed between the four dengue serotypes. Two 
differences (at residues 37 in M and 293 in E) were at positions which 
are conserved in sequence between the four dengue serotypes. The data 
are discussed in relation to the dengue outbreaks in Java in the period 
1976-1978. 
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93314963. PubMed ID: 8325506. Role of protein conformation in the 

processing of dengue virus type 2 nonstructural polyprotein precursor. 
Zhang L; Padmanabhan R. (Department of Biochemistry and Molecular Biology, 
University of Kansas Medical Center, Kansas City 66103. ) Gene, (1993 Jul 
30) Vol. 129, No. 2, pp. 197-205. Journal code: 7706761. ISSN: 
0378-1119. Pub. country: Netherlands. Language: English. 

AB The dengue virus type-2 (DEN-2) genome is a positive-strand RNA encoding 
a single polyprotein precursor, C-prM <M) -E-NS1-NS2A-NS2B-NS3-NS4A-NS4B- 

NS5, consisting of 3391 amino acids (aa). The N-terminal region of the 
polyprotein precursor, C-prM (M)-E, encodes the structural proteins and 
is processed cotranslationally by the host signal peptidase. The 
nonstructural region NS1 — >NS5 is processed by the viral protease (s), as 
well as by the signal peptidase. A two-component viral protease 
consisting of NS2B and the serine protease domain of NS3 has been shown to 
be required for cleavages having the consensus sequence of dibasic aa 
( K-R, R-R, R-K, or Q-R) . In this study, the region encoding all the 
nonstructural proteins, NS1 — >NS5, was expressed using a recombinant 
vaccinia virus system. Cleavages at the consensus viral protease 
recognition sites, 2B-3 at the N terminus and 3-4A at the C terminus, are 
prerequisites to the release of mature NS3 protease. Although the 2B-3 
site was cleaved readily in a variety of polyprotein precursors containing 
the intact NS2B and the NS3 protease domain, the 3-4A site was most 
efficiently cleaved, similar to that found in DEN-2-inf ected cells, only 
in the polyprotein precursor encoding the entire nonstructural region. 
Removal of NS1 at the N terminus or of NS5 coding sequences at the C 
terminus affected the cleavage at the 3-4A site to produce the processing 
intermediate, NS3-NS4A. These results indicate that the conformation of 
the nonstructural polyprotein precursor, NS1 — >NS5, plays a major role in 
the efficient cleavage at the 3-4A site. 
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93267778. PubMed ID: 8388499. Processing of the envelope glycoproteins of 
pestiviruses . Rumenapf T; Unger G; Strauss J H; Thiel H J. (Division of 
Biology, California Institute of Technology, Pasadena 91125. ) Journal of 
virology, (1993 JUn) Vol. 67, No. 6, pp. 3288-94. Journal code: 
0113724. ISSN: 0022-538X. Pub. country: United States. Language: English. 

AB The genomic RNA of pestiviruses is translated into a large polyprotein 

that is cleaved into a number of proteins. The structural proteins are N 
terminal in this polyprotein and include three glycoproteins called E0, 
El, and E2 on the basis of the order in which they appear in the 
polyprotein. Using pulse-chase experiments, we show that a pestiviral 
glycoprotein precursor, E012, is formed that is processed into E0, El, and 
E2 in an ordered fashion. Processing is initiated by a nascent cleavage 
between the capsid and the translocated E012 followed by cleavage at the C 
terminus of E2. E012 is then rapidly cleaved to form E01 and E2. After 
E2 is released from the precursor, E01 is processed into E0 and El. To 
identify the sites of cleavage, the N termini of the glycoproteins of the 
pestivirus classical swine fever virus (formerly termed hog cholera virus) 
were sequenced after expression in the vaccinia virus system. The N 
termini are Glu-268 for E0 (gp44/48), Leu-495 for El (gp33) and Arg-690 
for E2 (gp55) . The sequences around the cleavage sites capsid/EO and 
E1/E2 conform to the rules known for cellular signal proteases, as does 
the sequence at the presumed C terminus of E2 . The sequence upstream of 



processing sites but lacks the typical hydrophobic signal peptide; this 
cleavage site has characteristics in common with a site in flaviviruses 
that is also cleaved in a delayed fashion. The absence of any 
membrane-spanning region results in the shedding of EO by infected cells, 
and EO can be detected in the virus-free supernatant. Comparison of the 
sequences around the cleavage sites of pestiviruses suggests a general 
processing scheme for the structural glycoproteins. Comparison of the 
pesti- and flavi viral structural glycoproteins suggests analogies 
between E012 and prM-E . 
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93242750. PubMed ID: 8480420. Selection and partial characterization of 
dengue 2 virus mutants that induce fusion at elevated pH. Guirakhoo F; 
Hunt A R; Lewis J G; Roehrig J T. (Division of Vector-Borne Infectious 
Diseases, Centers for Disease Control, Fort Collins, Colorado 80522. ) 
Virology, (1993 May) Vol. 194, No. 1, pp. 219-23. Journal code: 
0110674. ISSN: 0042-6822. Pub. country: United States. Language: English. 

AB Two types of dengue (DEN) 2 virus mutants were selected either by 

repeated exposure to acidic pH (acid mutant, AM), or by the addition of 
ammonium chloride to Aedes albopictus C6/36 cells prior to and during 
viral infection (fusion mutant, FM) . Both mutants grew more slowly than 
the parent strain and induced smaller plaques in Vero cells. The 50% 
fusion from within index for both mutants occurred at least 0.65 pH units 
higher than with the wild-type DEN virus. A single amino acid 
substitution (Asn-153 to Asp) was found in the envelope (E) -glycoprotein 
of the AM virus. Three amino acid substitutions were detected on the 
E-glycoprotein of the FM virus: Ile-6 to Met, Asn-134 to Ser, and 
Asn-153 to Tyr. No mutations were found in the precursor to the membrane 
protein, prM. The DEN virus E-glycoprotein has two potential 
glycosylation sites: Asn-67 and Asn-153. The loss of the potential 
glycosylation site at Asn-153 or the change in the chemical 
characteristics resultant from the amino acid substitutions in both 
mutants implicates these regions of the E-glycoprotein in virus-mediated 
membrane fusion. 
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93172390. PubMed ID: 8437237. Proper maturation of the Japanese 

encephalitis virus envelope glycoprotein requires cosynthesis with the 
premembrane protein. Konishi E; Mason P W. (Department of Medical Zoology, 
Kobe University School of Medicine, Japan. ) Journal of virology, (1993 
Mar) Vol. 67, No. 3, pp. 1672-5. Journal code: 0113724. ISSN: 0022-538X. 
Pub. country: United States. Language: English. 

AB The role of the Japanese encephalitis virus (JEV) premembrane 

(prM) protein in maturation of the envelope (E) glycoprotein was 
evaluated by using recombinant vaccinia viruses encoding E in the 
presence (vP829) or absence (vP658) of prM. Immunofluorescence analyses 
showed that E appeared to be localized in the endoplasmic reticulum of 
cells infected with JEV, vP829, or vP658. However, reactivity with 
monoclonal antibodies and behavior in Triton X-114 indicated that E 
produced in the absence of prM behaved abnormally. Furthermore, E 
produced in the presence of prM by recombinant vaccinia viruses could be 
incorporated into flavivirus pseudotypes, whereas E synthesized in the 
absence of prM could not. These results demonstrate that cosynthesis of 
prM is required for proper folding, membrane association, and assembly 
of the flavivirus E protein. 
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93134792. PubMed ID: 8421896. High-level expression of the Japanese 
encephalitis virus E protein by recombinant vaccinia virus and 
enhancement of its extracellular release by the NS3 gene product. Sato T; 
TaJcamura C; Yasuda A; Miyamoto M; Kamogawa K; Yasui K. (Biological Science 
Laboratory, Nippon Zeon Company, Limited, Kanagawa, Japan. ) Virology, 
(1993 Feb) Vol. 192, No. 2, pp. 483-90. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 

AB Recombinant vaccinia viruses expressing the prM and E genes of the 
Japanese encephalitis virus (JEV) were constructed by use of 
synthetic promoters. While the recombinant virus mOJ6-SL, with an 
optimized vaccinia late-gene promoter, produced a 20-fold elevated level 
of E protein, as well as an 86-kDa precursor protein in infected cells, 
no significant quantitative difference was detected between the 
extracellular or cell-surface E protein produced by mOJ6-SL and those 
produced by mOJ6 with the 7.5-fcDa promoter. However, when the cells were 
infected with Dengue 2 virus before infection with mOJ6-SL, the amount 
of the extracellular E protein increased 16-fold. In addition, 
enhancement of its extracellular release was observed when cells were 
co-infected with mOJ6-SL and recombinant vaccinia virus expressing the NS3 
gene of JEV. 
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93079894. PubMed ID: 1280384. The Murray Valley encephalitis virus prM 
protein confers acid resistance to virus particles and alters the 
expression of epitopes within the R2 domain of E glycoprotein. Guirakhoo 



Centers for Disease Control, Fort Collins, Colorado 80522. ) Virology, 
(1992 Dec) Vol. 191, No. 2, pp. 921-31. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 
AB To study the role of the precursor to the membrane protein (prM) in 

flavivirus maturation, we inhibited the proteolytic processing of the 
Murray Valley encephalitis (MVE) virus prM to membrane protein in 
infected cells by adding the acidotropic agent ammonium chloride late in 
the virus replication cycle. Viruses purified from supernatants of 
ammonium chloride-treated cells contained prM protein and were unable to 
fuse C6/36 mosquito cells from without. When ammonium chloride was 
removed from the cells, both the processing of prM and the fusion 
activity of the purified viruses were partially restored. By using 
monoclonal antibodies (MAbs) specific for the envelope (E) glycoprotein 
of MVE virus, we found that at least three epitopes were less accessible 
to their corresponding antibodies in the prM-containing MVE virus 
particles. Amino-terminal sequencing of proteolytic fragments of the E 
protein which were reactive with sequence-specific peptide antisera or MAb 
enabled us to estimate the site of the E protein interacting with the 
prM to be within amino acids 200 to 327. Since prM-containing viruses 
were up to 400-fold more resistant to a low pH environment, we conclude 
that the E-prM interaction might be necessary to protect the E 
protein from irreversible conformational changes caused by maturation into 
the acidic vesicles of the exocytic pathway. 
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93055210. PubMed ID: 1331144. Detection of flavivirus antigens in 

purified infected Vero cell plasma membranes. Ng M L; Choo W K; Ho Y L. 
(Department of Microbiology, National University of Singapore, Kent Ridge. 
) Journal of virological methods, (1992 Sep) Vol. 39, No. 1-2, pp. 
125-38. Journal code: 8005839. ISSN: 0166-0934. Pub. country: 
Netherlands. Language: English. 

AB The types of Kunjin virus-specified proteins present in purified Vero cell 
plasma membrane were studied. Immunofluorescence of unfixed Kunjin 
virus-infected whole cell monolayers, indicated that two structural 
proteins {envelope and prM) and three non-structural proteins (NS1, 3 
and 5) were found at the plasma membrane. There was no obvious 
progressive accumulation of the observed antigens over the time periods 
between 8 to 24 h p. i. Thus SDS-PAGE analysis was performed using 
purified radiolabelled Vero cell plasma membranes. From the protein 
profiles, all five antigens detected by immunof luorescent staining were 
also present. In addition, two smaller molecular weight non-structural 
proteins NS4B and NS2B were also observed. Generally, all the 
non-structural proteins found in the purified plasma membranes were of the 
same molecular weights as those found in infected whole cell lysate. 
Interestingly, both the structural proteins, i.e., envelope (E) and 
prM proteins in the plasma membrane sample were of higher molecular 
weights as compared to the counterparts in the infected whole cell lysate. 
The envelope protein of purified extracellular Kunjin virus was also lower 
in molecular weight compared to the same protein in the plasma membrane. 
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92410626. PubMed ID: 1326813. A highly attenuated host range-restricted 
vaccinia virus strain, NY VAC , encoding the prM, E, and NS1 genes of 
Japanese encephalitis virus prevents JEV viremia in swine. Konishi 
E; Pincus S; Paoletti E; Laegreid W W; Shope R E; Mason P W. (Department 
of Epidemiology and Public Health, Yale University School of Medicine, New 
Haven, Connecticut 06510. ) Virology, (1992 Sep) Vol. 190, No. 1, pp. 
454-8. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB A highly attenuated strain of vaccinia virus ( NY VAC ) was engineered to 
express the Japanese encephalitis virus (JEV) prM, E, and NS1 
genes or the prM and E genes. The recombinant viruses were tested as 
vaccine candidates in pigs, a natural host of JEV. JEV-neutrali zing and 
hemagglutination-inhibiting antibodies appeared in swine sera 7 days after 
immunization with 10(8) PFU of the recombinant viruses and increased after 
a second dose at 28 days. The JEV levels detected in the serum after JEV 
challenge (d56) of the swine with 2 x 10(5) PFU of JEV were significantly 
reduced in animals inoculated with the recombinant viruses. These results 
demonstrate the ability of these NYVAC-vectored recombinants to protect 
pigs from JEV viremia. 
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92260629. PubMed ID: 1349926. Analysis of murine major histocompatibility 
complex class II -restricted T-cell responses to the flavivirus Kunjin by 
using vaccinia virus expression. Kulkarni A B; Mullbacher A; Parrish C R; 
Westaway E G; Coia G; Blanden R V. (Division of Cell Biology, John Curtin 
School of Medical Research, Australian National University, Canberra. ) 
Journal of virology, (1992 Jun) Vol. 66, No. 6, pp. 3583-92. Journal 
code: 0113724. ISSN: 0022-538X. Pub. country: United States. Language: 
English . 

AB The present paper analyzes the influence of major histocompatibility 
complex (MHC) class II (Ir) genes on MHC class II-restricted T-cell 



Kunjin virus antigens and identifies the immunodominant Kunjin virus 
antigens. Generally, mice were primed by intravenous infection with WNV 
or Kunjin virus, and their CD4 + T cells were stimulated in vitro 14 days 
later with WNV or Kunjin virus antigens to pulse macrophage or B-cell 
antigen-presenting cells (APC) . WNV-specific in vitro T-cell responses 
from H-2b mice were higher than those from H-2d, H-2k, and H-2q mice. 
When recombinant vaccinia virus-derived Kunjin virus antigen preparations 
were tested in vitro, Kunjin virus-immune T cells of H-2b haplotype 
responded most strongly to structural (prM, C, E) and 

membrane-associated nonstructural (NS1) proteins encoded by VKV 1031 and 
showed weaker responses to cytosolic nonstructural protein NS5 (VKV 1022), 
whereas the responders of H-2k haplotype responded most strongly to the 
antigens encoded by VKV 1022 and gave lesser responses to VKV 1031. H-2d 
T cells gave weaker responses than either H-2b or H-2k cells, with 
responses to VKV 1031 generally being higher than those to VKV 1022. 
Responses to VKV 1023 or VKV 1024 encoding all of the NS3 to HS5 gene 
sequence or to VKV 1023 encoding all of NS3 were weak or absent. Within a 
given inbred strain, B cells and macrophages differed in their abilities 
to present recombinant vaccinia virus-derived Kunjin virus antigens, both 
in terms of magnitude of T-cell responses induced and the particular 
Kunjin virus protein presented. T cells from different non-MHC genetic 
backgrounds varied in their requirements of macrophage numbers as APC for 
maximum reactivity, suggesting that the concentration of class II MHC 
antigens and other molecules affecting APC-T-cell interaction varied in 
mice with different genetic backgrounds. Regardless of MHC haplotype, 
responses to VKV 1024, which encompasses VKV 1023 and VKV 1022, were 
either absent or lower than those to VKV 1022, possibly reflecting 
differences in the processing requirements of these two proteins. When 
mice were primed intravenously with recombinant vaccinia virus and when 
their CD4+ T cells were stimulated in vitro with native Kunjin virus 
antigens, VKV 1031 primed more efficiently than Kunjin virus and VKV 1022 
primed similarly to Kunjin virus. 
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92188532. PubMed ID: 1312269. Comparison of a dengue-2 virus and its 
candidate vaccine derivative: sequence relationships with the 
flaviviruses and other viruses. Blok J; McWilliam S M; Butler H C; Gibbs 
A J; Weiller G; Herring B L; Hemsley A C; Aaskov J G; Yoksan S; 
Bhamarapravati N. (Sir Albert Sakzewski Virus Research Centre, Royal 
Children 1 s Hospital, Brisbane, Queensland, Australia. ) Virology, (1992 
Apr) Vol. 187, No. 2, pp. 573-90. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 

AB A comparison of the sequence of the dengue-2 16681 virus with that of 

the candidate vaccine strain ( 16681-PDK53 ) derived from it identified 53 
of the 10,723 nucleotides which differed between the strains. Nucleotide 
changes occurred in genes coding for all virion and nonvirion proteins, 
and in the 5' and 3' untranslated regions. Twenty-seven of the nucleotide 
changes resulted in amino acid alterations. The greatest amino acid 
sequence differences in the virion proteins occurred in prM (2.20%; 2/91 
amino acids) followed by the M protein (1.33%; 1/75 amino acids), the C 
protein (0.88%; 1/114 amino acid), and the E protein (0.61%; 3/495 amino 
acids). Differences in the amino acid sequence of nonvirion proteins 
ranged from 1.51% (6/398 amino acids) in NS4 to 0.33% (3/900 amino acids) 
in NS5. The encoded protein sequences of 16681-PDK53 were also compared 
with the published sequences of other flaviviruses to obtain a detailed 
classification of 17 flaviviruses using the neighbor-joining tree 
method. The analyses of the sequence data produced dendrograms which 
supported the traditional groupings based on serological evidence, and 
they suggested that the flaviviruses have evolved by divergent 
mutational change and there was no evidence of genetic recombination 
between members of the group. Comparisons of the sequences of the 
flavivirus polymerase and helicase-like proteins (NS5 and NS3, 
respectively) with those from other viruses yielded a classification of 
the flaviviruses indicating that the primary division of the 
flaviviruses was between those transmitted by mosquitoes and those 
transmitted by ticks. 
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92142515. PubMed ID: 1736531. Recombinant vaccinia virus producing the 
prM and E proteins of yellow fever virus protects mice from 
lethal yellow fever encephalitis. Pincus S; Mason P W; Konishi E; Fonseca 
B A; Shope R E; Rice C M; Paoletti E. ( Virogenetics Corporation, Troy, New 
York 12180. ) Virology, (1992 Mar) Vol. 187, No. 1, pp. 290-7. Journal 
code: 0110674. ISSN: 0042-6822. Pub. country: United States. Language: 
English. 

AB Four recombinant vaccinia viruses were constructed for expression of 
different portions of the 17D yellow fever virus (YFV-17D) open 
reading frame. A recombinant, vP869, expressing prM and E induced 
high titers of neutralizing and hemagglutination inhibiting antibodies in 
mice and was protective against intracranial challenge with the French ,< 
neurotropic strain of YFV. Levels of protection were equivalent to those 
achieved by immunization with the YFV-17D vaccine virus. Recombinant 



failed to protect mice against challenge with YFV despite eliciting 
antibodies to NS1 . The vP869-inf ected HeLa cells produced a particulate 
extracellular hemagglutinin (HA) similar to that produced by YFV-infected 
cells, supporting previous studies with Japanese encephalitis virus 
(Mason et al., 1991), suggesting that the ability of recombinant vaccinia 
virus to produce extracellular HA particles is important for effective 
flavi virus immunity. 
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92109578. PubMed ID: 1729986. Processing of dengue virus type 2 

structural proteins containing deletions in hydrophobic domains. Gruenberg 
A; Wright P J. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) Archives of virology, (1992) Vol. 122, No. 1-2, 
pp. 77-94. Journal code: 7506870. ISSN: 0304-8608. Pub. country: Austria. 
Language: English. 

AB The 5 f end of the genome of the dengue virus type 2 encoding the 

structural proteins was expressed using recombinant vaccinia virus. Three 
additional recombinants derived by deletion of selected dengue sequences 
within the parental construct were also expressed. They were designed to 
assess the role of hydrophobic domains in the processing of the viral 
polyprotein in intact cells. The first construct contained a deletion of 
nucleotides encoding most of the C protein; nucleotides encoding the 
hydrophobic domain at the carboxy terminus were retained. The second and 
third constructs contained smaller deletions of 72 bp and 129 bp encoding 
hydrophobic domains at the carboxy termini of C and prM respectively. 
Indirect immunofluorescence and radioimmunoprecipitation were used to 
detect prM and E in cells infected with recombinant viruses. The 
results showed that deletion of 90% of C had no apparent effect on the 
processing of prM and E, and that the signal sequence for E at the 
carboxy terminus of prM was active in the absence of the upstream signal 
sequence for prM at the carboxy terminus of C. Deletion of the 
hydrophobic sequences preceding the amino terminus of E prevented 
cleavage at the prM-E junction. These results obtained using infected 
cells were consistent with the published findings for the translation of 
flavivirus RNA in vitro, and indicated the importance of membrane 
association in the cleavage of structural proteins from the flavivirus 
polyprotein. In addition, cells infected with the recombinant virus 
containing the large deletion in the C coding region released the E 
glycoprotein into the culture medium. 
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92024099. PubMed ID: 1833876. Comparison of protective immunity elicited 
by recombinant vaccinia viruses that synthesize E or NS1 of Japanese 
encephalitis virus. Konishi E; Pincus S; Fonseca B A; Shope R E; 
Paoletti E; Mason P W. (Department of Epidemiology and Public Health, Yale 
University School of Medicine, New Haven, Connecticut 06510. ) Virology, 
(1991 Nov) Vol. 185, No. 1, pp. 401-10. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 

AB Immunization with recombinant vaccinia viruses that specified the 
synthesis of Japanese encephalitis virus (JEV) glycoproteins 
protected mice from a lethal intraperitoneal challenge with JEV. 
Recombinants which coexpressed the genes for the structural glycoproteins, 
prM and E, elicited high levels of neutralizing (NEUT) and 
hemagglutination inhibiting (HAI) antibodies in mice and protected mice 
from a lethal challenge by JEV. Recombinants expressing only the gene for 
the nonstructural glycoprotein, NS1, induced antibodies to NS1 but 
provided low levels of protection from a similar challenge dose of JEV. 
Antibodies to the NS3 protein in postchallenge sera, representing the 
degree of infection with challenge virus, were inversely correlated to 
NEUT and HAI titers and levels of protection. These results indicate that 
although vaccinia recombinants expressing NS1 can provide some protection 
from lethal JEV infection, recombinants expressing prM and E elicited 
higher levels of protective immunity. 
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91280412. PubMed ID: 1965931. Overview of flavivirus molecular biology 

and future vaccine development via recombinant DNA. Rice C M. (Department 
of Molecular Microbiology, Washington University School of Medicine, St 
Louis, Missouri 63110-1093. ) The Southeast Asian journal of tropical 
medicine and public health, (1990 Dec) Vol. 21, No. 4, pp. 670-7. Ref: 
54. Journal code: 0266303. ISSN: 0125-1562. Pub. country: Thailand. 
Language: English. 

AB Studies in many laboratories over the last several years have elucidated 
the structures of several different flavivirus genomes. Conserved 
features include the production of at least 10 different virus encoded 
proteins from a single long open reading frame by a combination of host 
and virus-encoded proteases. The established gene order is 5 ' -C- 
prM(M) -E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS 5-3' and these proteins 
exhibit varying degrees of homology in comparisons among flaviviruses . 
Conserved RNA sequences and structures have also been identified for the 
mosquito-borne flaviviruses but are absent in sequenced tick-bone 
viruses. Relevant to the development of efficacious flavivirus 



for eliciting protective immunity have focused primarily on the structural 
proteins, in particular the E protein, as well as the nonstructural 
secreted glycoprotein, NS1 . Other work, which has led to the derivation 
of live-attenuated flavlvirus strains, should eventually allow the 
genetic determinants of flavlvirus attenuation and pathogenesis to be 
understood at the molecular level. The successful recovery infectious 
flavivlruses from cloned cDNA raises the possibility of manipulating 
these viral genomes as cDNA to construct or propagate candidate 
live-attenuated vaccine strains. Several applications of this technology 
are discussed. 
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91280411. PubMed ID: 1711716. Analysis of Japanese encephalitis (JE) virus 
genome and implications for recombinant JE vaccine. Yasui K; Miyamoto M; 
Kimura-Kuroda J; Yasuda A; Matsuura Y; Sato T; Kojima A; Kubonoya H. 
(Department of Microbiology, Tokyo Metropolitan Institute for 
Neurosciences, Japan. ) The Southeast Asian journal of tropical medicine 
and public health, (1990 Dec) Vol. 21, No. 4, pp. 663-9. Journal code: 
0266303. ISSN: 0125-1562. Pub. country: Thailand. Language: English. 

AB From the information of nucleotide sequences and deduced amino acid 
sequences of flavivlruses including JEV, we can postulate processing 
mechanisms of a polyprotein translated from single long open reading frame 
of the genome and mechanisms of construction of antigenic structures of 
structural proteins with biologically active forms after these proteins 
are translated. The results of comparative analysis of amino acid 
sequences among flavivlruses and epitope analysis on the E proteins 
which are the most important antigens for protective immunity suggest that 
the E protein of flavivlruses may have a similar structure closely 
related to each other. PrM and E proteins which had predictable 
signal sequences upstream on the N terminals were expressed with 
antigenically active form and molecular size the same as the authentic 
ones by the recombinant viruses. However, the recombinant viruses which 
had no such signal sequence expressed unprocessed proteins with 
antigenically denatured forms. These results suggest that normal 
proteolytic processing is needed to construct biologically active 
structures of JEV structural proteins. The E proteins which were 
expressed by the recombinant viruses as antigenically active form could 
elicit nutralizing and HI antibodies in animals and protective immunity in 
mice. The recombinant vaccinia viruses which express the E protein 
could induce strong immunologic memory against the E protein in mice. 
These results indicate that the development of a new type of vaccine 
against JEV will become possible in future. 
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91280408. PubMed ID: 2098930. Antigenic analysis of dengue virus using 
monoclonal antibodies. Young P R. (Sir Albert Sakazewski Virus Research 
Laboratory, Royal Children's Hospital, Brisbane, Australia. ) The 
Southeast Asian journal of tropical medicine and public health, (1990 
Dec) Vol. 21, No. 4, pp. 646-51. Journal code: 0266303. ISSN: 0125-1562. 
Pub. country: Thailand. Language: English. 

AB Dengue viruses are classified as a separate antigenic group within the 
Flaviviridae on the basis of cross-reactivity in neutralization assays 
employing polyclonal sera. Additional serological relationships defining 
group, complex and type specificity between members of the various 
antigenic groups have also been identified with polyclonal sera in 
analyses using hemagglutination inhibition (HI) and complement fixation 
(CF) tests. With the advent of monoclonal antibodies, however, this 
picture has become far more complex. While the basic framework of 
serological relationships has been confirmed, a large number of additional 
cross-reactivities have been identified that suggest a much greater degree 
of antigenic diversity and/or relatedness than previously imagined. 
Monoclonal antibodies have not only been used to dissect the antigenic 
relatedness between flavivlruses but also in studies aimed at defining 
epitopes on viral proteins involved in a range of biological activities 
from protection to antibody-dependent enhancement (ADE) of infection. Of 
the ten proteins encoded by the dengue virus genome, monoclonal 
antibodies have been raised to six, including each of the structural 
proteins (C, prM, E) and three of the non-structural proteins (NS1, 
NS3, NS5). These antibodies have been applied to the construction of 
functional maps and in particular to the definition of antigenic 
determinants involved in protection. 
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91259060. PubMed ID: 1710648. Fusion activity of flavivlruses: 
comparison of mature and immature (prM-containing ) tick-borne 
encephalitis virions. Guirakhoo F; Heinz F X; Mandl C W; Holzmann H; Kunz 
C. (Institute of Virology, University of Vienna, Austria. ) The Journal of 
general virology, (1991 Jun) Vol. 72 ( Pt 6), pp. 1323-9. Journal code: 
0077340. ISSN: 0022-1317. Pub. country: ENGLAND: United Kingdom. Language: 
English. 

AB The fusion activity of flaviviruses [tick-borne encephalitis (TBE) virus 
and Japanese encephalitis virus] was assessed by inducing fusion 



Membrane fusion and polykaryocyte formation was observed only after 
incubating the viruses at acidic pH. Two groups of monoclonal antibodies 
reacting with distinct non-overlapping antigenic domains on the TBE virus 
protein E inhibited fusion from without. One of these domains contains 
the most highly conserved and putative fusion-active sequence of the 
flavi virus protein E . Of five TBE virus monoclonal antibody escape 
mutants, each defined by a single amino acid substitution in the envelope 
protein E, one revealed a reduced fusion activity and another one a 
lower pH threshold. TBE virus grown in the presence of ammonium chloride 
as well as Langat virus purified from the supernatant of infected chick 
embryo cells contained the precursor of protein M (prM) rather than M 
itself. These 'immature' virions did not cause fusion from without, 
suggesting that the proteolytic processing of prM may be necessary for 
the generation of fusion-competent virions. 
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91111984. PubMed ID: 1824904. The sensitivity of cell -associated dengue 

virus proteins to trypsin and the detection of trypsin-resistant fragments 
of the nonstructural glycoprotein NS1 . Cauchi M R; Henchal E A; Wright P 
J. {Department of Microbiology, Monash University, Clayton, Victoria, 
Australia. ) Virology, (1991 Feb) Vol. 180, No. 2, pp. 659-67. Journal 
code: 0110674. ISSN: 0042-6822. Pub. country: United States. Language: 
English. 

AB Extracts of Vero cells infected with dengue virus type 2 were digested 
by trypsin in the presence and absence of detergents. The experiments 
were designed to test the models proposed for flavivirus translation in 
which the glycoproteins prM, E, and NS1 are inserted into the 
endoplasmic reticulum of the cell, whereas certain other nonstructural 
proteins are not. Viral polypeptides were detected by the use of 
radiolabel, by immunoprecipitation, or by immunoblotting . The results 
obtained for NS3 and NS5 were as predicted by the models, with membranes 
providing no protection against digestion by trypsin. Similarly, the 
results obtained for prM and E were consistent with the models, with 
membranes protecting against proteolysis. Some molecules of NS1 were 
protected, while others were sensitive to proteolysis; novel 
trypsin-resistant fragments of 69,000, 60,000, and 50,000 Mr (all 
heat-labile}, and of 37,000 and 24,000 Mr were detected following 
treatment of cell extracts with various combinations of trypsin, 
detergent, and reducing agent. Preliminary experiments suggested that 
these tryptic fragments are potentially useful in mapping the antigenic 
epitopes of NS1. 
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91083519. PubMed ID: 2260923. Expression of the structural proteins of 
dengue 2 virus and yellow fever virus by recombinant vaccinia 
viruses. Hahn Y S; Lenches E M; Galler R; Rice C M; Dalrymple J; Strauss J 
H. (Division of Biology, California Institute of Technology, Pasadena. ) 
Archives of virology, (1990) Vol. 115, No. 3-4, pp. 251-65. Journal 
code: 7506870. ISSN: 0304-8608. Pub. country: Austria. Language: English. 

AB Vaccinia virus recombinants were constructed which contained cDNA 

sequences encoding the structural region of dengue 2 virus (PR159/S1 
strain) or yellow fever virus (17D strain). The flavivirus cDNA 
sequences were expressed under the control of the vaccinia 7.5k early/late 
promotor. Cultured cells infected with these recombinants expressed 
immunologically reactive flavivirus structural proteins, precursor prM 
and E. These proteins appeared to be cleaved and glycosylated properly 
since they comigrated with the authentic proteins from dengue 2 virus- 
and yellow fever virus-infected cells. Mice immunized with the 
dengue/vaccinia recombinant showed a dengue-specific immune response 
that included low levels of neutralizing antibodies. Immunization of mice 
with the yellow f ever/vaccinia recombinant was less effective at inducing 
an immune response to yellow fever virus and in only some of the 
mice were low titers of neutralizing antibodies produced. 
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97288308. PubMed ID: 9143286. Construction of infectious cDNA clones for 
dengue 2 virus: strain 16681 and its attenuated vaccine derivative, 
strain PDK-53. Kinney R M; Butrapet S; Chang G J; Tsuchiya K R; Roehrig J 
T; Bhamarapravati N; Gubler D J. (Division of Vector-Borne Infectious 
Diseases, Centers for Disease Control and Prevention, Fort Collins, 
Colorado, USA., rmkl@cdc.gov) . Virology, (1997 Apr 14) Vol. 230, No. 2, 
pp. 300-8. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB We identified nine nucleotide differences between the genomes of 

dengue-2 ( DEN-2 ) 16681 virus and its vaccine derivative, strain PDK-53. 
These included a C-to-T ( 16681-to-PDK-53 ) mutation at nucleotide position 
57 of the 5 ' -untranslated region, three silent mutations, and 
substitutions prM-29 Asp to Val, NS1-53 Gly to Asp, NS2A-181 Leu to Phe, 
NS3-250 Glu to Val, and NS4A-75 Gly to Ala. Unpassaged PDK-53 vaccine 



We constructed infectious cDNA clones for 16681 virus and each of the two 
PDK-53 variants. DEN -2 16681 clone-derived viruses were identical to the 
16681 virus in plaque size and replication in LLC-MK2 cells, replication 
in C6/36 cells, E and prM epitopes, and neurovirulence for suckling 
mice. PDK-53 virus and both clone-derived PDK-53 variants were attenuated 
in mice. However, the variant containing NS3-250-Glu was less temperature 
sensitive and replicated better in C6/36 cells than did PDK-53 virus. The 
variant containing NS3-250-Val had smaller, more diffuse plaques, 
decreased replication, and increased temperature sensitivity in LLC-MK2 
cells relative to PDK-53 virus. Both PDK-53 virus and the NS3-250-Val 
variant replicated poorly in C6/36 cells relative to 16681 virus. 
Unpassaged PDK-53 vaccine virus and the virus passaged once in LLC-MK2 
cells had genomes of identical sequence, including the mixed 
NS3-250-Glu/Val locus. Although the NS3-250-Val mutation clearly affected 
virus replication in vitro, it was not a major determinant of attenuation 
for PDK-53 virus in suckling mice. 
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97170855. PubMed ID: 9018134. Poxvirus-based Japanese encephalitis vaccine 
candidates induce JE virus-specific CD8+ cytotoxic T lymphocytes in mice. 
Konishi E; Kurane I; Mason P W; Shope R E; Ennis F A. (Department of 
Medical Zoology, Kobe University School of Medicine, Chuo-ku, Japan.. 
ekon@icluna.kobe-u.ac.jp) . Virology, (1997 Jan 20) Vol. 227, No. 2, pp. 
353-60. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB Recombinant Japanese encephalitis (JE) vaccine candidates based on a 
highly attenuated vaccinia virus (NYVAC-JEV) and a canarypox virus 
(ALVAC-JEV) were evaluated for their ability to induce specific antibodies 
and cytotoxic T lymphocytes (CTLs) in mice. Six- to eight-week-old male 
Balb/c mice that received one or two intraperitoneal inoculations with 
these JE vaccine candidates at a dose of 1 x 10(7) PFU per mouse produced 
neutralizing antibody and antibodies to the envelope (E) and 
nonstructural 1 (NS1) proteins as determined by radioimmunoprecipitation. 
Immunization with either of these vaccine candidates also induced JE 
virus-specific T lymphocytes that proliferated in response to stimulation 
with infectious virus and/or noninfectious viral antigens. Mice 
maintained detectable levels of neutralizing antibody and JE 
virus-specific memory T cells for at least 6 months after immunization 
with NYVAC-JEV and for 4 months after immunization with ALVAC-JEV. Cells 
induced to proliferate after stimulation with live virus contained 
specific CD8+ CTLs that lysed primary Balb/c mouse kidney cells infected 
with JE virus and P815 mastocytoma cells infected with a recombinant 
vaccinia virus expressing the premembrane (prM), E, and NS1 proteins. 
These CTLs also lysed P815 cells infected with vaccinia recombinants 
expressing prM and E, and those expressing E and NS1, but did not 
lyse P815 cells infected with a recombinant virus expressing only NS1, 
indicating that the CTLs mainly recognized E, but did not recognize NS1 . 
These results demonstrate that both recombinant JE vaccines, NYVAC-JEV and 
ALVAC-JEV, induce JE virus-specific antibody and CTLs in mice. 

L37 ANSWER 28 OF 83 MEDLINE on STN 

97155358. PubMed ID: 9002072. Evaluation of monoclonal antibodies for 
generic detection of flaviviruses by ELISA. Brown J M; Coates D M; 
Phillpotts R J. (Chemical and Biological Defence Establishment, Salisbury, 
Wiltshire, UK.. 1004 32.3200@compuserve.com) . Journal of virological 
methods, (1996 Dec) Vol. 62, No. 2, pp. 143-51. Journal code: 8005839. 
ISSN: 0166-0934. Pub. country: Netherlands. Language: English. 

AB Three monoclonal antibodies (Mabs) specific for the envelope (E) protein 
of flaviviruses were evaluated for use in an antigen capture ELISA. 
Three combinations of Mabs and a combination of polyclonal antibodies 
(Pabs) were evaluated in antigen capture ELISAs for their ability to 
detect 18 flaviviruses. The Mab ELISAs detected 50% of flavivirus 
antigens with a sensitivity between 1 and 9 x 10(4 ) /ng viral protein/ml, 
however, none of the ELISAs evaluated proved to be useful for generic 
detection of flaviviruses, being unable to detect tick-borne 
flaviviruses and some mosquito-borne flaviviruses. The inability of 
the ELISAs to detect tick-borne flaviviruses is thought to be due to the 
conformation of surface epitopes, which the Mabs were unable to recognise. 
This was again observed using recombinant TBE virus prM/E protein as 
antigen in direct and antigen capture ELISAs. The Mabs reacted with the 
prM/E protein when it was denatured by binding directly onto the solid 
phase, but the antibodies were unable to detect the native protein in 
antigen capture ELISAs. The antigen capture ELISAs evaluated in this 
study were considered to be unsuitable for the generic detection of 
flaviviruses, but may provide a sensitive diagnostic assay for specific 
flavivirus infection. 
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97151139. PubMed ID: 8995675. Subgenomic replicons of the flavivirus 

Kunjin: construction and applications. Khromykh A A; Westaway E G. (Sir 
Albert Sakzewski Virus Research Centre, Royal Children's Hospital, 
Brisbane, Queensland, Australia.. A.Khromykh@mailbox.uq.oz.au) . Journal 



0113724. ISSN: 0022-538X. Pub. country: United States. Language: English. 
AB Several Kunjin virus (KUN) subgenomic replicons containing large deletions 
in the structural region (C-prM-E) and in the 3* untranslated region 
(3'UTR) of the genome have been constructed. Replicon RNA deltaME with 
1,987 nucleotides deleted (from nucleotide 417 [in codon 108] in the C 
gene to nucleotide 2403 near the carboxy terminus of the E gene, 
inclusive) and replicon RNA C20rep with 2,247 nucleotides deleted (from 
nucleotide 157 [in codon 20] in C to nucleotide 2403) replicated 
efficiently in electroporated BHK21 cells. A further deletion from C20rep 
of 53 nucleotides, reducing the coding sequence in core protein to two 
codons (C2rep RNA), resulted in abolishment of RNA replication. Replicon 
deltaME/76 with a deletion of 76 nucleotides in the 3'UTR of deltaME RNA 
(nucleotides 10423 to 104 98) replicated efficiently, whereas replicon 
deltaME/352 with a larger deletion of 352 nucleotides (nucleotides 10423 
to 10774), including two conserved sequences RCS3 and CS3, was 
significantly inhibited in RNA replication. To explore the possibility of 
using a reporter gene assay to monitor synthesis of the positive strand 
and the negative strand of KUN RNA, we inserted a chloramphenicol 
acetyltransferase (CAT) gene into the 3'UTR of deltaME/76 RNA under 
control of the internal ribosomal entry site (IRES) of 
encephalomyelocarditis virus RNA in both plus [deltaME/76CAT [ + ] ) - and 
minus (deltaME/7 6CAT [-]) -sense orientations. Although insertion of the 
IRES-CAT cassette in the plus-sense orientation resulted in a significant 
(10- to 20-fold) reduction of RNA replication compared to that of the 
parental deltaME/76 RNA, CAT expression was readily detected in 
electroporated BHK cells. No CAT expression was detected after 
electroporation of RNA containing the IRES-CAT cassette inserted in the 
minus-sense orientation despite its apparently more efficient replication 
(similar to that of deltaME/76 RNA); this result indicated that KUN 
negative-strand RNA was probably not released from its template after 
synthesis. Replacement of the CAT gene in the deltaME/7 6CAT (+ ) RNA with 
the neomycin gene (Neo) enabled selection and recovery of a BHK cell 
culture in which the majority of cells were continuously expressing the 
replicon RNA for 41 days (nine passages) without apparent cytopathic 
effect. The constructed KUN replicons should provide valuable tools to 
study flavivirus RNA replication as well as providing possible vectors 
for a long-lasting and noncytopathic RNA virus expression system. 
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97095957. PubMed ID: 8940981. Immunogenic and protective response in mice 
immunized with a purified, inactivated, Dengue-2 virus vaccine prototype 
made in fetal rhesus lung cells. Putnak R; Cassidy K; Conforti N; Lee R; 
Sollazzo D; Truong T; Ing E; Dubois D; Sparkuhl J; Gastle W; Hoke C. 
(Department of Virus Diseases, Walter Reed Army Institute of Research, 
Washington, District of Columbia, USA. ) The American journal of tropical 
medicine and hygiene, (1996 Nov) Vol. 55, No. 5, pp. 504-10. Journal 
code: 0370507. ISSN: 0002-9637. Pub. country: United States. Language: 
English . 

AB The feasibility of a purified, inactivated vaccine (PIV) against dengue 
type 2 ( DEN-2 ) virus was explored. Dengue-2 virus strain 16681 was used 
for producing a monotypic PIV. Virus adapted to fetal rhesus lung 
(FRhL-2) cells was harvested from roller bottle culture supernatant 
fluids, concentrated, and purified on sucrose gradients. Analysis of 
purified virus preparations by sodium dodecyl sulf ate-polyacrylamide gel 
electrophoresis and Western blotting showed primarily envelope (E) and 
premembrane (prM) antigens. These preparations had a purity, estimated 
from silver-stained gels, of approximately 70%, and a yield, based on 
recovery of virus and viral antigen, of 10-20%. The purified virus was 
inactivated with 0.05% formalin at 22 degrees C, or alternatively, with 7 
mRads from a 60Co source. Vaccinated mice developed high titers of 
anti-DEN-2 virus neutralizing antibody and were partially protected from 
virus challenge. These results warrant further testing and development of 
PIVs for the other DEN virus serotypes. 
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97037287. PubMed ID: 8882934. Identification of peptides mimicking the 
antigenicity and immunogenicity of conformational epitopes on Japanese 
encephalitis virus protein using synthetic peptide libraries. 
Hirabayashi Y; Fukuda H; Kimura J; Miyamoto M; Yasui K. (Department of 
Microbiology and Immunology, Tokyo Metropolitan Institute for 
Neuroscience, Japan., hirabaya@tmin.ac.jp) . Journal of virological 
methods, (1996 Sep) Vol. 61, No. 1-2, pp. 23-36. Journal code: 8005839. 
ISSN: 0166-0934. Pub. country: Netherlands. Language: English. 

AB Monoclonal antibodies (mAbs) N.03 and N.08 that recognize conformational 
epitopes on the prM protein of Japanese encephalitis virus (JEV) 
were analyzed to identify their peptide ligands by using a novel approach 
that combined two different synthetic peptide libraries. Immunoscreening 
of a library containing 20(5) sequences of pentapeptides revealed that the 
ligands for N.03 and N.08 had motif sequences, ( Y/W/ F) GG ( I/L/M) and 
(N/Q)WY(D/E) , respectively. To select higher-affinity ligands, we 
synthesized and screened another type of library with 20 peptide mixtures 
that were based on the identified motif, where only one amino acid 



undefined positions. Consequently, the peptides YGGIYMNG and QWYDDR were 
identified as peptide ligands of N.03 and N.08, respectively. These 
peptides bound specifically to the antigen-combining sites of the mAbs as 
confirmed by competitive binding assays. Mouse antisera directed against 
the peptide YGGIYMNG specifically recognized JEV, while those against 
QWYDDR did not. These data demonstrated that peptide ligands which 
reproduce or mimic the immunogenicity as well as the antigenicity of 
conformational epitopes can be at least partly identified using this 
approach. This approach may be useful for analyzing conformational 
epitopes, which are generally difficult to characterize, and might provide 
a step toward vaccine development when applied to protective mAbs. 
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97017585. PubMed ID: 8864202. Characterization of Langat virus antigenic 
determinants defined by monoclonal antibodies to E, NS1 and preM and 
identification of a protective, non-neutralizing preM-speci f ic monoclonal 
antibody. Iacono-Connors L C; Smith J F; Ksiazek T G; Kelley C L; 
Schmaljohn C S. (Virology Division, US Army Medical Research Institute of 
Infectious Diseases, Fort Detrick, Frederick, MD 21702-5011, USA. ) Virus 
research, (1996 Aug) Vol. 43, No. 2, pp. 125-36. Journal code: 8410979. 
ISSN: 0168-1702. Pub. country: Netherlands. Language: English. 

AB Hybridomas secreting monoclonal antibodies (MAb) to the tick-borne 

encephalitis (TBE) group virus, Langat virus { LGTV ) , were prepared. Of 
more than 200 MAb screened, 19 antibodies, which cross-reacted with the 
etiologic agent of Central European encephalitis, were selected for 
further characterization. Of these MAb, 15 were specific for LGTV E 
glycoprotein, two for the NS1 protein, and three for preM protein. The 
two NSl-specific MAb and two of the E-specific MAb reacted with all six 
of the other TBE group viruses tested while the remainder of the 
E-specific MAb failed to recognize at least one of the viruses. None of 
the MAb neutralized LGTV in cell culture assays, but one of the 
preM-specif ic MAb protected weanling mice against a virulent LGTV 
challenge. Although protective antibodies to E and NS1 proteins of TBE 
viruses were reported, our data provided the first evidence for protection 
by a non-neutralizing antibody to the preM or M protein of any of the 
tick-borne flavi viruses . 
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96430837. PubMed ID: 8833919. Dominant recognition by human CD8+ cytotoxic 
T lymphocytes of dengue virus nonstructural proteins NS3 and NS1.2a. 
Mathew A; Kurane I; Rothman A L; Zeng L L; Brinton M A; Ennis F A. 
(Division of Infectious Diseases and Immunology, Department of Medicine, 
University of Massachusetts Medical Center, Worcester 01655, USA. ) The 
Journal of clinical investigation, (1996 Oct 1) Vol. 98, No. 7, pp. 
1684-91. Journal code: 7802877. ISSN: 0021-9738. Pub. country: United 
States . Language : English . 

AB A severe complication of dengue virus infection, dengue hemorrhagic 
fever (DHF), is hypothesized to be immunologically mediated and 
virus-specific cytotoxic T lymphocytes (CTLs) may trigger DHF. It is also 
likely that dengue virus-specific CTLs are important for recovery from 
dengue virus infections. There is little available information on the 
human CD8+ T cell responses to dengue viruses. Memory CD8+CTL responses 
were analyzed to determine the diversity of the T cell response to 
dengue virus and to identify immunodominant proteins using PBMC from 
eight healthy adult volunteers who had received monovalent, 
live-attenuated candidate vaccines of the four dengue serotypes. All 
the donors had specific T cell proliferation to dengue and to other 
flavlviruses that we tested. CTLs were generated from the stimulated 
PBMC of all donors, and in the seven donors tested, dengue 
virus-specific CD8+CTL activity was demonstrated. The nonstructural (NS3 
and NS1.2a) and envelope (E) proteins were recognized by CD8+CTLs from 
six, five, and three donors, respectively. All donors recognized either 
NS3 or NS1.2a. In one donor who received a dengue 4 vaccine, CTL 
killing was seen in bulk culture against the premembrane protein (prM) . 
This is the first demonstration of a CTL response against the prM 
protein. The CTL responses using the PBMC of two donors were serotype 
specific, whereas all other donors had serotype-cross-reactive responses. 
For one donor, CTLs specific for E, NS1.2a, and NS3 proteins were all 
HLA-B4 4 restricted. For three other donors tested, the potential 
restricting alleles for recognition of NS3 were B38, A24, and/or B62 and 
B35. These results indicate that the CD8+CTL responses of humans after 
immunization with one serotype of dengue virus are diverse and directed 
against a variety of proteins. The NS3 and NS1.2a proteins should be 
considered when designing subunit vaccines for dengue. 
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96400166. PubMed ID: 8806542. Generation and characterization of 

organ-tropism mutants of Japanese encephalitis virus in vivo and in 
vitro. Chen L K; Lin Y L; Liao C L; Lin C G; Huang Y L; Yeh C T; Lai S C; 
Jan J T; Chin C. (Institute of Preventive Medicine, National Defense 
Medical Center, Taipei, Taiwan, Republic of China.. 

lkchen@ndmcl.ndmctsgh.edu. tw) . Virology, (1996 Sep 1) Vol. 223, No. 1, 



States. Language: English. 
AB Using gamma-ray irradiation, a pair of virulent (RP-9) and attenuated 
(RP-2ms) variants of Japanese encephalitis virus (JEV) were 
generated from a Taiwanese isolate, NT109. The two variants differed in 
plaque morphology, virus adsorption, and growth properties in BHK-21 
cells: (i) RP-2ms produced smaller plaques than RP-9; { i i ) RP-2ms adsorbed 
less efficiently to host cells but yielded a higher virus titer {burst 
size); and (iii) RP-2ms virions were mostly accumulated intracellularly, 
whereas RP-9 was released extracellularly . In addition, in an in vitro 
binding assay, the envelope {E) protein of RP-9, but not that of RP-2ms, 
bound specifically to a cellular protein of 57-kDa derived from BHK-21 
cells. When injected into mice intracerebrally, RP-2ms was much less 
virulent than RP-9, with 50% lethal doses of > 10(7) and 0.4 plaque 
forming units, respectively. Moreover, when inoculated intraperitoneally, 
their organ tropism differed in that the main target organ for RP-2ms was 
liver, whereas that for RP-9 was brain. These results suggest that RP-2ms 
was less neurovirulent and less neuroinvasive from peripheral routes. 
Molecular analysis of the virus structural proteins detected only two 
differences between RP-9 and RP-2ms: one in E protein, Glu-138 in RP-9 
and Lys-138 in RP-2ms, and the other in prM, Tyr-43 in RP-9 and His-43 
in RP-2ms. Since the N-terminal 92 amino acids of prM are cleaved and 
not present in mature JEV virions, the single-amino-acid change of the E 
protein at position 138 may account for the difference between the mutants 
in the in vitro binding assay. Such mutation in E protein, or perhaps 
in conjunction with the prM mutation, may be responsible, in part, for 
the phenotypic differences observed in vitro and in vivo between the two 
mutants . 
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96399746. PubMed ID: 8806178. Phylogenetic analysis of the envelope gene 
of Japanese encephalitis virus. Paranjpe S; Banerjee K. (National 
Institute of Virology, Pune, India. ) Virus research, (1996 Jun) Vol. 
42, No. 1-2, pp. 107-17. Journal code: 8410979. ISSN: 0168-1702. Pub. 
country: Netherlands. Language: English. 

AB Variation among Japanese encephalitis virus (JEV) strains has been 

documented in a number of studies by employing a variety of techniques 
like HI, NT, CF, RNA fingerprinting and sequencing of prM region. We 
report the complete envelope (E) gene sequence and the deduced amino 
acid sequence of four strains of JEV from the Indian subcontinent. These 
sequences were compared with published E gene sequences of 16 strains of 
JEV. Pairwise comparisons of the E gene nucleotide and deduced amino 
acid sequences of these strains indicated an overall sequence 
conservation. A majority of the differences in the four strains were 
located in domain A and domain C (Mandl et al. f 1989). Phylogenetic 
analysis of the E gene sequences by a variety of tree building methods 
identified four clusters. Viral groupings did not correspond to 
geographic origin, isolation host or virulence. Evidence for positive 
selection operating on some strains belonging to different clusters was 
obtained . 
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96398262. PubMed ID: 8805101. Stability of hemagglutinating activity of 
extracellular and intracellular forms of Japanese encephalitis virus 
exposed to acidic pH. Nawa M. (Department of Microbiology, Saitama Medical 
School, Japan. ) Microbiology and immunology, (1996) Vol. 40, No. 5, pp. 
365-71. Journal code: 7703966. ISSN: 0385-5600. Pub. country: Japan. 
Language: English. 

AB The hemagglutinating (HA) activity of extracellular and intracellular 

forms of Japanese encephalitis (JE) virus was comparatively titrated by 
exposure to acidic pH below 7.0. A pH-dependent irreversible loss in 
titer was observed with the virus grown in both C6/36 and BHK 21 (BHK) 
cells maintained in the pH range of 5.8 to 7.0 for 10 min at 37 C. The HA 
activity of intracellular virus was relatively more stable than that of 
extracellular virus in the pH range of 5.8 to 6.4. Virion structural 
components, envelope glycoprotein (E), capsid (C) , and membrane (M) 
proteins in extracellular virus and E, C, and the precursor form of M 
(prM) proteins in intracellular virus were detected by 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting . A 
panel of monoclonal antibody (mAb) directed for nine antigenic epitopes on 
the JE virus E protein molecule was used for the analysis of antigenic 
reactivity of E protein after treatment at pH 6.0. The reaction between 
the extracellular virus and three HA-inhibiting (HI) mAbs was 
significantly reduced after acid treatment; however, the antigenic 
reactivity of intracellular virus was much more stable with a 100- to 
1,000-fold difference. Infectivity titers of extracellular and 
intracellular viruses in Vero cells were reduced by 1/24,100 and 1/21,666 
after acidic treatment at pH 6.0. In contrast, the infectivity of 
intracellular viruses was more stable, with residual infectivity of 1/182 
and 1/340 for BHK and C6/36 cell-grown virus, respectively. Acidic 
treatment of JE virus not only resulted in the irreversible loss of its HA 
activity but also affected the antigenic reactivity of HI epitopes on its 
E protein molecule. 
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96282646. PubMed ID: 8683218. Protective immune responses to the E and 
NS1 proteins of Murray Valley encephalitis virus in hybrids of 
flavivirus-resistant mice. Hall R A; Brand T N; Lobigs M; Sangster M Y; 
Howard M J; Mackenzie J S. (Department of Microbiology, University of 
Western Australia, Nedlands, Australia. ) The Journal of general virology, 
(1996 Jun) Vol. 77 ( Pt 6), pp. 1287-94. Journal code: 0077340. ISSN: 
0022-1317. Pub. country: ENGLAND: United Kingdom. Language: English. 

AB The lack of an effective animal model has been a major obstacle in 

attempts to define the role of humoral and cellular immune responses in 
protection against flavivirus infection. We have used Fl hybrid mice 
(BALB/c x C3H/RV) that are heterozygous for the flavivirus resistance 
allele Flvr and show reduced virus replication in the brain after 
intracerebral inoculation. Fl hybrid mice challenged by intracerebral 
inoculation with Murray Valley encephalitis (MVE) virus developed 
encephalitis 2-3 days later than a genetically susceptible strain (BALB/c) 
but showed a similar mortality rate. This delay in the onset of disease 
provided more opportunity for virus clearance by primed immune responses. 
Using Fl hybrid mice we were able to demonstrate protective immunity 
induced by structural and non-structural proteins of MVE virus by 
immunization with pure NS1 protein or recombinant vaccinia viruses that 
expressed various regions of the MVE genome. These constructs included 
W-STR (C-prM-E-NSl-NS2A) , W-delta C (prM-E-Nsl-NS2A) and W-NS1 
(NS1-NS2A) . W-delta C vaccinated mice were completely protected (100% 
survival ) from challenge with 1000 infectious units of MVE virus, while 
mice inoculated with W-STR, W-NS1 or pure NS1 were partially protected 
(40%, 47% and 85% respectively). Analysis of prechallenge sera and in 
vivo depletion studies revealed that the solid protection induced by 
W-delta C was mediated by neutralizing antibody to the E protein and 
did not require a CD8+ T cell response. The partial protection provided 
by W-STR, W-NS1 and pure NS1 occurred after induction of antibody to 
NS1 . However, depletion of CD8+ cells prior to virus challenge ablated 
the protection provided by W-NS1 indicating some requirement for class I 
restricted cytotoxic T cells. 
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96215657. PubMed ID: 8645110. Immunisation with DNA polynucleotides 

protects mice against lethal challenge with St. Louis encephalitis virus. 
Phillpotts R J; Venugopal K; Brooks T. (Microbiology Group, Chemical and 
Biological Defence Establishment, Porton Down, Wiltshire, U.K. ) Archives 
of virology, (1996) Vol. 141, No. 3-4, pp. 743-9. Journal code: 
7506870. ISSN: 0304-8608. Pub. country: Austria. Language: English. 

AB In vivo transfection by intramuscular injection with plasmids expressing 

the immunogenic proteins of microbial pathogens has considerable potential 
as a vaccination strategy against many pathogens of both man and animals. 
Here we report that weanling mice given a single intramuscular injection 
of 50 micrograms of a plasmid, pSLEl expressing the St. Louis 
encephalitis virus (SLE) prM/E protein under the control of the 
cytomegalovirus immediate early protein promoter produced SLE-specific 
antibody and were protected against lethal challenge with the virulent 
virus. Polynucleotide vaccine technology provides a unique opportunity to 
produce vaccines against flavivirus diseases of low incidence cheaply 
and rapidly, and to produce multivalent vaccines such as would be required 
for immunisation against dengue virus disease. 
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96088052. PubMed ID: 8525682. Immunity to St. Louis encephalitis virus by 
sequential immunization with recombinant vaccinia and baculovirus derived 
PrM/E proteins. Venugopal K; Jiang W R; Gould E A. (Institute of 
Virology and Environmental Microbiology, Oxford, UK. ) Vaccine, (1995 
Aug) Vol. 13, No. 11, pp. 1000-5. Journal code: 8406899. ISSN: 
0264-410X. Pub. country: ENGLAND: United Kingdom. Language: English. 

AB St. Louis encephalitis (SLE) is an important mosquito-borne disease of 

great public health concern in parts of the United States. South America 
and Canada. Protective immunogens of f laviviruses produced in different 
expression systems have been shown to be effective against virulent virus 
infection in laboratory animal models. Here we show that the pre-membrane 
and envelope (PrM/E) of SLE virus expressed in insect and mammalian 
cell systems using baculovirus and vaccinia virus, respectively, are 
processed correctly and showed similar antigenic characteristics as the 
authentic proteins. Immunization with the recombinant proteins 
individually or in combination resulted in neutralizing and protective 
immune responses. A schedule consisting of initial immunization with 
recombinant vaccinia virus followed by a secondary boost with recombinant 
baculovirus protein resulted in higher levels of neutralizing and 
protective immune responses. The advantages of the use of such a combined 
approach as a general immunization strategy are discussed. 
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96010231. PubMed ID: 7571428. Double-subgenomic Sindbis virus recombinants 
expressing immunogenic proteins of Japanese encephalitis virus 
induce significant protection in mice against lethal JEV infection. 



Georgia State University, Atlanta 30303, USA. ) Virology, (1995 Oct 1) 
Vol. 212, Ho. 2, pp. 587-94. Journal code: 0110674. ISSN: 0042-6822. Pub. 
country: United States. Language: English. 
AB A series of double-subgenomic Sindbis virus (dsSIN) recombinants that 
express cassettes encoding the immunogenic proteins of Japanese 
encephalitis virus (JEV) [prM-E, prM-E-NSl, NS1-NS2A, 80%E 
(encodes the amino-terminal 80% part of E), and NS1] were constructed 
and analyzed for their ability to confer protective immunity in mice 
against lethal challenge with neurovirulent JEV. The cassettes were 
introduced into both 5' [second subgenomic promoter of the vector precedes 
the SIN structural open reading frame (SP-ORF) ] and 3' {the promoter 
follows the SP-ORF) dsSIN vectors. The longest cassette (prM-E-NSl) 
was 3.2 kb in length, which is remarkable for such a small vector virus as 
SIN (SIN genome is roughly 11.8 kb in length). The level of expression of 
JEV proteins appeared similar for both 5' and 3' recombinants. In 
general, the stability of the recombinants obtained was found to be low 
(expression was lost following one to five passages at low multiplicity of 
infection, depending on the recombinant). However, 5' recombinants 
containing longer cassettes (prM-E-NSl, prM-E, NS1-NS2A) were more 
stable than the corresponding 3' recombinants. Intraperitoneal 
inoculation of mice with 10(7) PFU of dsSIN-JEV recombinants induced 
antibodies against JEV proteins and low titers of JEV-neutralizing 
antibodies were produced by mice inoculated with recombinants expressing 
80%E, prM-E, and prM-E-NSl . A single immunization of mice with 
the dsSIN-prM-E or dsSIN-prM-E-NSl recombinants provided 4 0-65% 
protection against peripheral lethal challenge with 10(4) LD50 of 
neurovirulent JEV. The results demonstrate that genetically engineered 
togaviruses can be successfully used as vaccine vectors. 
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95225741. PubMed ID: 7535997. Tick-borne encephalitis virus envelope 

protein E-specific monoclonal antibodies for the study of low pH-induced 
conformational changes and immature virions. Holzmann H; Stiasny K; York 
H; Dorner F; Kunz C; Heinz F X. (Institute of Virology, University of 
Vienna, Austria. ) Archives of virology, (1995) Vol. 140, No. 2, pp. 
213-21. Journal code: 7506870. ISSN: 0304-8608. Pub. country: Austria. 
Language : English . 

AB A set of ten monoconal antibodies (mabs) specific for the tick-borne 
encephalitis (TBE) virus envelope protein E were prepared and 
characterized with respect to their functional activities, the location of 
their binding sites on protein E and the involvement of their epitopes 
in acid pH-induced conformational changes and interactions with the 
precursor to the membrane protein (prM) in immature virions. The 
majority of these mabs mapped to the previously defined antigenic domain 
A. All of the mabs recognize parts of the E protein which undergo low 
pH-induced structural rearrangements believed to be necessary for the 
fusion activity of the virus, and six of the mabs define epitopes which 
are affected by the prM-E interaction in immature virions. They are 
therefore of potential value as specific reagents for studying the 
structure and function of protein E, as well as the function of the 
prM-E association. Five of the mabs exhibited neutralizing activity, 
and can therefore be used for the selection of escape mutants . 

L37 ANSWER 42 OF 83 MEDLINE on STN 

95213156. PubMed ID: 7698880. Comparative analysis of NS3 sequences of 
temporally separated dengue 3 virus strains isolated from southeast 
Asia. Chow V T; Seah C L; Chan Y C. (Department of Microbiology, Faculty 
of Medicine, National University of Singapore, Kent Ridge. ) 
Intervirology, (1994) Vol. 37, No. 5, pp. 252-8. Journal code: 0364265. 
ISSN: 0300-5526. Pub. country: Switzerland. Language: English. 

AB By a combination of PCR and direct-cycle sequencing using consensus 

primers, we analyzed approximately 4 00-bp fragments within the NS3 genes 
of twenty-one dengue virus type 3 strains isolated from five neighboring 
Southeast Asian countries at different time intervals from 1956 to 1992. 
The majority of base disparities were silent mutations, with few predicted 
amino acid substitutions, thus emphasizing the strict conservation of the 
NS3 gene. Phylogenetic trees constructed on the basis of these nucleotide 
differences revealed distinct but related clusters of strains from the 
Philippines, Indonesia, and strains from Singapore and Malaysia of the 
1970s and early 1980s, while the Thai cluster was relatively more distant. 
This genetic relationship was compatible with that proposed by other 
workers who have studied other dengue 3 virus genes such as E, M and 
prM. However, we observed that the more recent, epidemic-associated 
dengue 3 strains from Singapore and Malaysia of the late 1980s and early 
1990s were more closely related to the Thai cluster, implying their 
evolution from the latter, and emphasizing the importance of viral spread 
via increasing travel within the Southeast Asian area and elsewhere. 
Nucleotide sequence analysis of the NS3 genes of dengue viruses can 
serve to advance the understanding of the epidemiology and evolution of 
these viruses. 
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of the viral NS2B-NS3 protease. Yamshchikov V F; Compans R W. (Department 
of Microbiology and Immunology, Emory University School of Medicine, 
Atlanta, Georgia 30322. ) Journal of virology, (1995 Apr) Vol. 69, No. 
4, pp. 1995-2003. Journal code: 0113724. ISSN: 0022-538X. Pub. country: 
United States. Language: English. 
AB One of the late processing events in the flavivirus replication cycle 
involves cleavage of the intracellular form of the flavivirus capsid 
protein (Cint) to the mature virion form (Cvir) lacking the 
carboxy-terminal stretch of hydrophobic amino acids which serves as a 
signal peptide for the downstream prM protein. This cleavage event was 
hypothesized to be effected by a viral protease and to be associated with 
virion formation. We have proposed a model of flavivirus virion 
formation in which processing of the C-prM precursor at the upstream 
signalase site is upregulated by interaction of the NS2B part of the 
protease with the prM signal peptide or with an adjacent 
carboxy-terminal region of the capsid protein in the precursor, and 
processing of Cint by the NS2B-NS3 protease follows the signalase 
cleavage. Recently, an alternative hypothesis was proposed which suggests 
a reverse order of these two cleavage events, namely, that cleavage of the 
C-prM precursor by the NS2B-NS3 protease at the Cint — >Cvir dibasic 
cleavage site is a prerequisite for the subsequent signalase cleavage of 
the prM signal peptide. To distinguish between these alternative 
models, we prepared a series of expression cassettes carrying mutations at 
the Cint — >Cvir dibasic cleavage site and investigated the effects of 
these mutations on signalase processing of C-prM and on formation and 
secretion of prM-E heterodimers . For certain mutated C-prM 
precursors, namely, for those with Lys — >Gly disruption of the dibasic 
site, efficient formation of prM was observed upon expression from 
larger cassettes encoding the viral protease, despite the absence of 
processing at the Cint — >Cvir cleavage site. Surprisingly, formation and 
secretion of prM-E heterodimers accompanied by late cleavage of prM 
was also observed for these cassettes, with an efficiency comparable to 
that of the wild-type expression cassette. These observations contradict 
the model in which cleavage of the C-prM precursor at the Cint — >Cvir 
dibasic site is a prerequisite for signalase cleavage. 
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95115117. PubMed ID: 7529335. Oligomeric rearrangement of tick-borne 

encephalitis virus envelope proteins induced by an acidic pH. Allison S L; 
Schalich J; Stiasny K; Mandl C W; Kunz C; Heinz F X. (Institute of 
Virology, University of Vienna, Austria. ) Journal of virology, (1995 
Feb) Vol. 69, No. 2, pp. 695-700. Journal code: 0113724. ISSN: 
0022-538X. Pub. country: United States. Language: English. 

AB The flavivirus envelope protein E undergoes irreversible 

conformational changes at a mildly acidic pH which are believed to be 
necessary for membrane fusion in endosomes. In this study we used a 
combination of chemical cross-linking and sedimentation analysis to show 
that the envelope proteins of the flavivirus tick-borne encephalitis 
virus also change their oligomeric structure when exposed to a mildly 
acidic environment. Under neutral or slightly alkaline conditions, 
protein E on the surface of native virions exists as a homodimer which 
can be isolated by solubilization with the nonionic detergent Triton 
X-100. Solubilization with the same detergent after pretreatment at an 
acidic pH, however, yielded homotrimers rather than homodimers, suggesting 
that exposure to an acidic pH had induced a simultaneous weakening of 
dimeric contacts and a strengthening of trimeric ones. The pH threshold 
for the dimer-to-trimer transition was found to be 6.5. Because the pH 
dependence of this transition parallels that of previously observed 
changes in the conformation and hydrophobicity of protein E and that of 
virus-induced membrane fusion, it appears likely that the mechanism of 
fusion with endosomal membranes involves a specific rearrangement of the 
proteins in the viral envelope. Immature virions in which protein E is 
associated with the uncleaved precursor (prM) of the membrane protein M 
did not undergo a low-pH-induced rearrangement. This is consistent with a 
protective role of protein prM for protein E during intracellular 
transport of immature virions through acidic compartments of the 
trans-Golgi network. 
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95065714. PubMed ID: 7975266. Expression of cloned envelope protein genes 
from the flavivirus tick-borne encephalitis virus in mammalian cells and 
random mutagenesis by PCR. Allison S L; Mandl C W; Kunz C; Heinz F X. 
(Institute of Virology, University of Vienna, Austria. ) Virus genes, 
(1994 Jul) Vol. 8, No. 3, pp. 187-98. Journal code: 8803967. ISSN: 
0920-8569. Pub. country: United States. Language: English. 

AB The structural membrane proteins prM and E of the flavivirus 

tick-borne encephalitis (TBE) virus were expressed in mammalian cells for 
the purpose of probing the structure and molecular interactions of these 
proteins. Advantage was taken of the natural error frequency of the Taq 
polymerase used in the PCR amplification to generate a randomly mutated 
population of genes that were then cloned directly into plasmid expression 
vectors under the control of an SV40 promoter. Analysis of the mutation 



produced mutations at a rate yielding an average of one to two amino acid 
changes per clone in the 4 96 amino acid long protein E. This is an 
ideal rate for assessing the importance of individual amino acid residues 
within protein domains, thus demonstrating the potential value of the PCR 
as a random mutagenesis method. Clones encoding wild-type prM and E 
proteins, and a truncated form of E, were also constructed by 
recombining portions of selected PCR clones. Transfection of COS-1 cells 
with these constructs resulted in expression of the prM and E 
proteins, which was demonstrated by indirect immunofluorescence using 
monoclonal antibodies (Mabs). The intracellular level of TBE virus 
antigen, measured in lysates of transfected cells by ELISA, reached 
approximately 25% of that found in virus-infected COS cells. Furthermore, 
it was shown by immunofluorescence using a panel of 19 anti-E Mabs that 
the antigenic structure of the expressed E proteins was nearly identical 
to that of E protein in infected cells, thus confirming the suitability 
of this model system as a tool for studying flavivirus protein structure. 
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95027681. PubMed ID: 7941319. Processing of flavivirus structural 

glycoproteins: stable membrane insertion of premembrane requires the 
envelope signal peptide. Markoff L; Chang A; Falgout B. (Laboratory of 
Vector-borne Virus Diseases, Food and Drug Administration, Bethesda, 
Maryland 20892. } Virology, (1994 Nov 1) Vol. 204, No. 2, pp. 526-40. 
Journal code: 0110674. ISSN: 0042-6822. Pub. country: United States. 
Language: English. 

AB The flavivirus structural proteins capsid (C), premembrane (prM), and 
envelope (E) are cleaved in that order from the N-terminus of the 
polyprotein by the ER intralumenal enzyme signal peptidase. The prM-E 
and E-NS1 junctions contain hydrophobic domains with both transmembrane 
and signal function. These domains reside at the C-termini of prM and 
E, respectively, after cleavage. We studied the functions of the 
37-amino-acid C-terminus of the dengue virus type 4 (DEN4) prM (amino 
acids 243-279 of the DEN4 polyprotein) in the processing of prM and E. 
Hydrophobicity in this domain is interrupted by a conserved Arg residue 
(Arg-264) within a short amphipathic segment. Hydrophobic amino acids 
upstream from Arg-264 (aa 243-263) were presumed to constitute the 
membrane anchor for prM (the "tm" segment). Previous results had 
suggested that sequences downstream from Arg-264 (aa 265-279} constitute 
the E signal peptide. RNA transcripts prepared from wild-type (wt) and 
deletion-mutant DEN4 cDNAs encoding the prM signal peptide, prM, E, 
and the N-terminus of the nonstructural glycoprotein, NS1, were translated 
in rabbit reticulocyte lysate in the presence of microsomes. Processing 
of wt prM and E in vitro appeared to mimic processing occurring during 
flavivirus infection. Analysis of mutants confirmed the localization of 
the E signal peptide within residues 265 to 279. However, deletions 
within either the E signal peptide or the tm segment resulted in a 
defect in both membrane insertion of prM and cleavage of the prM-E 
junction. Membrane anchoring of prM appeared to be a two-step process 
requiring function of both the tm segment and the E signal peptide, and 
fully efficient prM-E cleavage was also dependent upon the integrity 
of both hydrophobic domains. We propose a model for the processing of the 
flavivirus structural glycoproteins based on these results. 
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94 367626. PubMed ID: 8085382. Avipox virus-vectored Japanese 

encephalitis virus vaccines: use as vaccine candidates in combination 
with purified subunit immunogens. Konishi E; Pincus S; Paoletti E; Shope R 
E; Wason P W. (Department of Medical Zoology, Kobe University School of 
Medicine, Japan. ) Vaccine, (1994 May) Vol. 12, No. 7, pp. 633-8. 
Journal code: 8406899. ISSN: 0264-410X. Pub. country: ENGLAND: United 
Kingdom. Language: English. 

AB An avipox virus, canarypox (ALVAC), which is naturally host-range 

restricted, was used to construct recombinants encoding the Japanese 
encephalitis virus {JEV) prM, E and NS1 genes (vCP107) and prM 
and E genes (vCP140) . Mice immunized with these recombinant viruses 
produced JEV neutralizing antibodies and were protected from lethal JEV 
challenge. Protection was also observed in mice immunized with a subunit 
vaccine candidate, consisting of extracellular particles (EPs; RNA-free 
subviral membrane vesicles containing prM/M and E proteins) derived 
from HeLa cell cultures infected with a JEV-vaccinia recombinant. Mice 
primed with vCP107 and boosted with EPs had higher antibody levels than 
mice immunized twice with EPs alone, although the levels were comparable 
to that obtained in mice immunized twice with the recombinant virus. Mice 
immunized with a mixture of recombinant virus (vCP107) plus EPs had 
neutralizing antibody titres higher than mice immunized with the 
recombinant virus or EPs alone. 

L37 ANSWER 4 8 OF 83 MEDLINE on STN 

94305413. PubMed ID: 7913359. The interactions of the flavivirus 

envelope proteins: implications for virus entry and release. Heinz F X; 
Auer G; Stiasny K; Holzmann H; Mandl C; Guirakhoo F; Kunz C. (Institute of 
Virology, University of Vienna, Austria. ) Archives of virology. 



0939-1983. Pub. country: Austria. Language: English. 
AB Viral membrane proteins play an important role in the assembly and 
disassembly of enveloped viruses. Oligomerization and proteolytic 
cleavage events are involved in controlling the functions of these 
proteins during virus entry and release. Using tick-borne encephalitis 
virus as a model we have studied the role of the flavlvirus envelope 
proteins E and prM/M in these processes. Experiments with acidotropic 
agents provide evidence that the virus is taken up by receptor-mediated 
endocytosis and that the acidic pH in endosomes plays an important role 
for virus entry. The envelope glycoprotein E undergoes irreversible 
conformational changes at acidic pH, as indicated by the loss of several 
monoclonal antibody-defined epitopes, which coincide with the viral fusion 
activity in vitro. Sedimentation analysis reveals that these 
conformational changes lead to aggregation of virus particles, apparently 
by the exposure of hydrophobic sequence elements. None of these features 
are exhibited by immature virions containing E and prM rather than E 
and M. Detergent solubilization, sedimentation, and crosslinking 
experiments provide evidence that prM forms a complex with protein E 
which prevents the conformational changes necessary for fusion activity. 
The functional role of prM before its endoproteolytic cleavage by a 
cellular protease thus seems to be the protection of protein E from 
acid-inactivation during its passage through acidic trans Golgi vesicles 
in the course of virus release. 
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94219172. PubMed ID: 8165861. Recombinant vaccinia viruses co-expressing 
dengue-1 glycoproteins prM and E induce neutralizing antibodies in 
mice. Fonseca B A; Pincus S; Shope R E; Paoletti E; Mason P W. (Department 
of Epidemiology and Public Health, Yale University School of Medicine, New 
Haven, CT 06510. ) Vaccine, (1994) Vol. 12, No. 3, pp. 279-85. Journal 
code: 8406899. ISSN: 0264-410X. Pub. country: ENGLAND: United Kingdom. 
Language: English . 

AB Four recombinant vaccinia viruses expressing different portions of the 
dengue type 1 virus [ DEN-1 ) genome (C-prM-E-NSl-NS2A-NS2B; 
prM-E; prM-E-NSl -NS2A-NS2B; or NS1-NS2A) were constructed in order 
to establish the most immunogenic configuration of DEN-1 proteins. Both 
recombinants producing prM and E in the absence of C induced the 
synthesis of extracellular forms of E in vitro. Mice inoculated with 
these two recombinants produced DEN-1 neutralizing (NEUT) and 
haemagglutination inhibiting (HAI) antibodies. The other two recombinant 
vaccinia viruses, which did not induce the production of extracellular 
forms of E, did not induce E-specific immune responses. These results 
support our previous studies on the design of flavivirus-vaccinia 
vaccine candidates by showing the importance of co-expressing prM and 
E in order to induce the synthesis of extracellular E and to elicit 
NEUT and HAI antibodies. 
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94082440. PubMed ID: 8259646. Structural changes and functional control of 
the tick-borne encephalitis virus glycoprotein E by the heterodimeric 
association with protein prM. Heinz F X; Stiasny K; Puschner-Auer G; 
Holzmann H; Allison S L; Mandl C W; Kunz C. (Institute of Virology, 
University of Vienna, Austria. ) Virology, (1994 Jan) Vol. 198, No. 1, 
pp. 109-17. Journal code: 0110674. ISSN: 0042-6822. Pub. country: United 
States. Language: English. 

AB We have used tick-borne encephalitis virus to study the involvement of 
acidic compartments during the entry and release phases of flavivirus 
infection and to elucidate the role of protein prM in immature virions. 
Elevation of the pH in acidic intracellular compartments by either 
bafilyomycin Al, a specific inhibitor of the vacuolar type H(+)-ATPase or 
by NH4C1 had a strong inhibitory effect during virus penetration and also 
prevented the cleavage of prM when added in the late phase of the viral 
life cycle. In the latter case the release of virus particles was not 
impaired. These immature (prM-containing ) virions exhibited a 20- to 
50-fold lower specific infectivity and HA activity than mature virions and 
in contrast to these did not undergo low pH-triggered aggregation. The 
presence of prM also affected the binding of monoclonal antibodies to 
protein E, especially at sites which have been shown to undergo acid 
pH-induced conformational changes in mature virions. Crosslinking, 
solubilization, and sedimentation analyses revealed the existence of 
prM-E heterooligomeric complexes, suggesting that the function of 
prM is to protect protein E from undergoing the irreversible 
conformational changes in acidic compartments of the secretory pathway 
that are necessary for triggering fusion activity in the endosome during 
virus entry. 
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2000337405. PubMed ID: 10879241. Antibody responses of dengue fever 

patients to dengue 2 (New Guinea C strain) viral proteins. AbuBakar S; 
Azmi A; Mohamed-Saad N; Shafee N; Chee H Y. (Department of Medical 
Microbiology, Faculty of Medicine, University of Malaya, Kuala Lumpur. ) 
The Malaysian journal of pathology, (1997 Jun) Vol. 19, No. 1, pp. 
41-51. Journal code: 8101177. ISSN: 0126-8635. Pub. country: Malaysia. 
Language: English. 

AB The present study was undertaken to investigate the antibody responses of 
dengue fever (DF) patients to specific dengue virus proteins. 
Partially purified dengue 2 New Guinea C (NGC) strain virus was used as 
antigen. Under the present experimental protocols, it was observed that 
almost all DF patients' sera had detectable presence of antibodies which 
recognize the dengue 2 envelope (E) protein. The convalescent-phase 
sera especially had significant detectable IgG, IgM and IgE against the 
protein. In addition, IgGs specific against the NS1 dimer and PrM were 
also detected. Antibody against the core (C) protein, however, was not 
detectable in any of the DF patients' sera. The substantial presence of 
IgG against the PrM in the convalescent-phase sera, and the presence of 
IgE specific for the E, reflect the potential importance of these 
antibody responses in the pathogenesis of dengue. 
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2000129485. PubMed ID: 10664386. Identification of an epitope on the 

dengue virus membrane (M) protein defined by cross-protective monoclonal 
antibodies: design of an improved epitope sequence based on common 
determinants present in both envelope (E and M) proteins. Falconar A K. 
(Department of Infectious and Tropical Diseases, London School of Hygiene 
and Tropical Medicine, London, U.K. ) Archives of virology, (1999) Vol. 



country: Austria. Language: English. 
AB The protective capacity of monoclonal antibodies (MAbs ) generated to the 
dengue-2 virus envelope (E) and premembrane (prM) proteins was 
tested in vivo. Two anti-E MAbs, 2C5.1 and 4G2 and two anti-prM MAbs, 
2A4 . 1 and 2H2 provided cross-protection against all four dengue virus 
serotypes. Overlapping sets of synthetic peptides spanning amino-acid 
sequence 301-401 (domain III) of the E protein and the entire prM 
protein were then used to locate their epitopes. The anti-E MAbs 
strongly reacted with the peptide sequence 34 9-GRLITVNPIVT-359 (E349-359) 
from domain III and the immunodominant epitope, 274 -SGNLLFTGHL-283 
(E27 4-283) from the hinge region between domains I and II. The anti-prM 
MAbs strongly reacted with the sequence, 40-PGFTVMAAIL-4 9 (M40-49) from 
the first membrane-spanning domain of the M protein. These anti-prM 
MAbs also reacted with peptides E274-283 and E349-359, while the anti-E 
MAbs reacted with a peptide sequence, l-FHLTTRNGEP-10 from the prM 
protein and these cross-reactions with both proteins were confirmed using 
immunoblot assays. MAbs 2C5.1, 4G2 and 2H2 more strongly reacted with an 
MEH1 peptide GLFTPNLITI, which was designed as an antigenic hybrid between 
these E and prM peptide sequences, than with any of these natural 
peptide sequences. These peptide sequence will now be tested for their 
ability to generate cross-protective antibodies against each dengue 
virus serotype when delivered with appropriate T-helper epitopes. 
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2000013318. PubMed ID: 10544091. Evaluation of tick-borne encephalitis DNA 
vaccines in monkeys. Schmaljohn C; Custer D; VanderZanden L; Spik K; Rossi 
C; Bray M. (Virology Division, United States Army Medical Research 
Institute of Infectious Diseases, Fort Detrick, Maryland 21702, USA. . 
connie.schmaljohn@amedd.army.mil) . Virology, (1999 Oct 10) Vol. 263, 
No. 1, pp. 166-74. Journal code: 0110674. ISSN: 0042-6822. Pub. country: 
United States. Language: English. 

AB Tick-borne encephalitis is usually caused by infection with one of two 
f lavi viruses : Russian spring summer encephalitis virus (RSSEV) or 
Central European encephalitis virus (CEEV) . We previously demonstrated 
that gene gun inoculation of mice with naked DNA vaccines expressing the 
prM and E genes of these viruses resulted in long-lived homologous and 
heterologous protective immunity (Schmaljohn et al., 1997). To further 
evaluate these vaccines, we inoculated rhesus macaques by gene gun with 
the RSSEV or CEEV vaccines or with both DNA vaccines and compared 
resulting antibody titers with those obtained by vaccination with a 
commercial, formalin-inactivated vaccine administered at the human dose. 
Vaccinations were given at days 0, 30, and 70. All of the vaccines 
elicited antibodies detected by ELISA and by plaque— reduction 
neutralization tests. The neutralizing antibody responses persisted for 
at least 15 weeks after the final vaccination. Because monkeys are not 
uniformly susceptible to tick-borne encephalitis, the protective 
properties of the vaccines were assessed by passive transfer of monkey 
sera to mice and subsequent challenge of the mice with RSSEV or CEEV. One 
hour after transfer, mice that received 50 microl of sera from monkeys 
vaccinated with both DNA vaccines had circulating neutralizing antibody 
levels <20-80. All of these mice were protected from challenge with RSSEV 
or CEEV. Mice that received 10 microl of sera from monkeys vaccinated 
with the individual DNA vaccines, both DNA vaccines, or a commercial 
vaccine were partially to completely protected from RSSEV or CEEV 
challenge. These data suggest that DNA vaccines may offer protective 
immunity to primates similar to that obtained with a commercial 
inactivated-virus vaccine . 
Copyright 1999 Academic Press. 
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1999292853. PubMed ID: 10364309. Mapping of functional elements in the 
stem-anchor region of tick-borne encephalitis virus envelope protein E. 
Allison S L; Stiasny K; Stadler K; Mandl C W; Heinz F X. (Institute of 
Virology, University of Vienna, Vienna, Austria.. 

steven . allison@univie.ac. at ) . Journal of virology, (1999 Jtal) Vol. 73, 
No. 7, pp. 5605-12. Journal code: 0113724. ISSN: 0022-538X. Pub. country: 
United States. Language: English. 
AB Envelope protein E of the flavivirus tick-borne encephalitis virus 

mediates membrane fusion, and the structure of the N-terminal 80% of this 
4 96-amino-acid-long protein has been shown to differ significantly from 
that of other viral fusion proteins. The structure of the 
carboxy-terminal 20%, the stem-anchor region, is not known. It contains 
sequences that are important for membrane anchoring, interactions with 
prM (the precursor of membrane protein M) during virion assembly, and 
low-pH-induced structural changes associated with the fusion process. To 
identify specific functional elements in this region, a series of 
C-terminal deletion mutants were constructed and the properties of the 
resulting truncated recombinant E proteins were examined. Full-length 
E proteins and proteins lacking the second of two predicted 
transmembrane segments were secreted in a particulate form when 
coexpressed with prM, whereas deletion of both segments resulted in the 
secretion of soluble homodimeric E proteins. Sites located within a 



the first membrane-spanning region (amino acids 450 to 472) were found to 
be important for the stability of the prM-E heterodimer but not 
essential for prM-mediated intracellular transport and secretion of 
soluble E proteins. A separate site in the stem, also corresponding to 
a predicted alpha-helix (amino acids 401 to 413), was essential for the 
conversion of soluble protein E dimers to a homotrimeric form upon 
low-pH treatment, a process resembling the transition to the fusogenic 
state in whole virions. This functional mapping will aid in the 
understanding of the molecular mechanisms of membrane fusion and virus 
assembly. 
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1999292845. PubMed ID: 10364301. The anamnestic neutralizing antibody 
response is critical for protection of mice from challenge following 
vaccination with a plasmid encoding the Japanese encephalitis virus 
premembrane and envelope genes. Konishi E; Yamaoka M; Khin-Sane-Win; 
Kurane I; Takada K; Mason P W. {Department of Health Sciences, Kobe 
University School of Medicine, Kobe 654-0142, Japan., ekon@ams.kobe- 
u. ac.jp) . Journal of virology, (1999 Jul) Vol. 73, No. 7, pp. 5527-34. 
Journal code: 0113724. ISSN: 0022-538X. Pub. country: United States. 
Language: English. 

AB For Japanese encephalitis (JE), we previously reported that recombinant 
vaccine-induced protection from disease does not prevent challenge virus 
replication in mice. Moreover, DNA vaccines for JE can provide protection 
from high challenge doses in the absence of detectable prechallenge 
neutralizing antibodies. In the present study, we evaluated the role of 
postchallenge immune responses in determining the outcome of JE virus 
infection, using mice immunized with a plasmid, pcDNA3JEME, encoding the 
JE virus premembrane (prM) and envelope (EJ coding regions. In the 
first experiment, 10 mice were vaccinated once (five animals) or twice 
(remainder) with 100 micrograms of pcDNA3JEME. All of these mice showed 
low (6 of 10) or undetectable (4 of 10) levels of neutralizing antibodies. 
Interestingly, eight of these animals showed a rapid rise in neutralizing 
antibody following challenge with 10,000 50% lethal doses of JE virus and 
survived for 21 days, whereas only one of the two remaining animals 
survived. No unimmunized animals exhibited a rise of neutralizing 
antibody or survived challenge. Levels of JE virus-specific 
immunoglobulin M class antibodies were elevated following challenge in 
half of the unimmunized mice and in the single pcDNA3 JEME-immunized mouse 
that died. In the second experiment, JE virus-specific primary cytotoxic 
T-lymphocyte (CTL) activity was detected in BALB/c mice immunized once 
with 100 micrograms of pcDNA3JEME 4 days after challenge, indicating a 
strong postchallenge recall of CTLs . In the third experiment, evaluation 
of induction of CTLs and antibody activity by plasmids containing portions 
of the prM/E cassette demonstrated that induction of CTL responses 
alone were not sufficient to prevent death. Finally, we showed that 
antibody obtained from pcDNA3JEME-immunized mice 4 days following 
challenge could partially protect recipient mice from lethal challenge. 
Taken together, these results indicate that neutralizing antibody produced 
following challenge provides the critical protective component in 
pcDNA3JEME-vaccinated mice. 
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1999252164. PubMed ID: 10233934. Dengue virus structural differences 

that correlate with pathogenesis. Leitmeyer K C; Vaughn D W; Watts D M; 
Salas R; Villalobos I; de Chacon; Ramos C; Rico-Hesse R. (Department of 
Virology and Immunology, Southwest Foundation for Biomedical Research, San 
Antonio, Texas 78227-5301, USA. ) Journal of virology, (1999 Jun) Vol. 
73, No. 6, pp. 4738-47. Journal code: 0113724. ISSN: 0022-538X. Pub. 
country: United States. Language: English. 

AB The understanding of dengue virus pathogenesis has been hampered by the 
lack of in vitro and in vivo models of disease. The study of viral 
factors involved in the production of severe dengue, dengue 
hemorrhagic fever (DHF), versus the more common dengue fever (DF), have 
been limited to indirect clinical and epidemiologic associations. In an 
effort to identify viral determinants of DHF, we have developed a method 
for comparing dengue type 2 genomes (reverse transcriptase PCR in six 
fragments) directly from patient plasma. Samples for comparison were 
selected from two previously described dengue type 2 genotypes which had 
been shown to be the cause of DF or DHF. When full genome sequences of 11 
dengue viruses were analyzed, several structural differences were seen 
consistently between those associated with DF only and those with the 
potential to cause DHF: a total of six encoded amino acid charge 
differences were seen in the prM, E, NS4b, and NS5 genes, while 
sequence differences observed within the 5* nontranslated region { NTR) and 
3 f NTR were predicted to change RNA secondary structures. We hypothesize 
that the primary determinants of DHF reside in (i) amino acid 390 of the 
E protein, which purportedly alters virion binding to host cells; (ii) 
in the downstream loop (nucleotides 68 to 80) of the 5' NTR, which may be 
involved in translation initiation; and (iii) in the upstream 300 
nucleotides of the 3' NTR, which may regulate viral replication via the 
formation of replicative intermediates. The significance of four amino 



transport protein and the viral RNA polymerase, respectively, remains 
unknown. This new approach to the study of dengue virus genome 
differences should better reflect the true composition of viral RNA 
populations in the natural host and permit their association with 
pathogenesis . 
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1999231936. PubMed ID: 10217584. Recombinant, chimaeric live, attenuated 
vaccine (ChimeriVax) incorporating the envelope genes of Japanese 
encephalitis (SA14-14-2) virus and the capsid and nonstructural genes of 
yellow fever (17D) virus is safe, immunogenic and protective in non-human 
primates. Monath T P; Soike K; Levenbook I; Zhang Z X; Arroyo J; Delagrave 
S; Myers G; Barrett A D; Shope R E; Ratterree M; Chambers T J; Guirakhoo 
F. (OraVax Inc., Cambridge, MA 02139, USA. . tmonath@oravax.com) . Vaccine, 
(1999 Apr 9) Vol. 17, No. 15-16, pp. 1869-82. Journal code: 8406899. 
ISSN: 0264-410X. Pub. country: ENGLAND: United Kingdom. Language: English. 

AB Yellow fever 17D virus, a safe and effective live, attenuated vaccine, was 
used as a vector for genes encoding the protective antigenic determinants 
of a heterologous member of the genus Flavivirus, Japanese encephalitis 
{JE) virus, the leading cause of acute viral central nervous system 
infection and death throughout Asia. The viral envelope (prM and E) 
genes of a full-length cDNA clone of YF 17D virus were replaced with the 
corresponding genes of JE SA14-14-2, a strain licensed as a live, 
attenuated vaccine in China. Full-length RNA transcripts of the YF/ JE 
chimaera were used to transfect Vero cells. The progeny virus (named 
* ChimeriVax- JE ') , was used to define safety after intracerebral (i.e.) 
inoculation of rhesus monkeys. Monkeys (N = 3) inoculated with a high 
dose (6.6 loglO pfu) developed a brief viremia, showed no signs of 
illness, developed high titers of anti-JE neutralizing antibody, and had 
minimal brain and spinal cord lesion scores according to criteria 
specified in the WHO monkey neurovirulence test. A control group of 3 
monkeys that received a lower dose (4.2 loglO pfu) of commercial YF 17D 
vaccine had slightly higher lesion scores. To develop a lethal monkey 
model of JE for vaccine protection tests, we inoculated groups of monkeys 
i.e. or intranasally (i.n.) with a JE virus strain found to be highly 
neurovirulent and neuroinvasive for mice. Monkeys inoculated i.e., but 
not i.n., developed severe encephalitis after an incubation period of 8-13 
days. The ChimeriVax-JE virus was passed in a cell line acceptable for 
human use (diploid fetal rhesus lung) and 4.3 or 5.3 loglO pfu were 
inoculated into groups of 3 monkeys by the subcutaneous route. All 6 
animals developed brief viremias (peak titer < 2.0 loglO pfu/ml) and 
subsequently had anti-JE but no yellow fever neutralizing antibodies. On 
day 64, the monkeys were challenged i.e. with 5.5 loglO pfu of virulent JE 
virus. The immunized animals had no detectable viremia post-challenge, 
whereas 4 unimmunized controls became viremic. Only 1 of 6 (17%) 
vaccinated monkeys but 4 of 4 (100%) unvaccinated controls developed 
encephalitis. Histopathological examination 30 days after challenge 
confirmed that the protected, immunized animals had no or minimal evidence 
of encephalitis. These data demonstrated the ability of the ChimeriVax- JE 
to induce a rapid humoral immune response and to protect against a very 
severe, direct intracerebral virus challenge. Target areas of neuronal 
damage and inflammation in monkeys infected IC with wild-type JE, the 
chimaeric virus and YF 17D were similar, indicating that the 
histopathological scoring system used for the WHO yellow fever monkey 
neurovirulence test will be applicable to control testing of chimaeric 
seed viruses and vaccines. 
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1999174007. PubMed ID: 10074160. Yellow fever/ Japanese encephalitis 

chimeric viruses: construction and biological properties. Chambers T J; 
Nestorowicz A; Mason P W; Rice C M. (Department of Molecular Microbiology 
and Immunology, St. Louis University Health Sciences Center, St. Louis, 
Missouri 63104, USA., chambetj@wpogate.slu.edu) . Journal of virology, 
(1999 Apr) Vol. 73, No. 4, pp. 3095-101. Journal code: 0113724. ISSN: 
0022-538X. Pub. country: United States. Language: English. 

AB A system has been developed for generating chimeric yellow fever/ Japanese 
encephalitis (YF/JE) viruses from cDNA templates encoding the structural 
proteins prM and E of JE virus within the backbone of a molecular 
clone of the YF17D strain. Chimeric viruses incorporating the proteins of 
two JE strains, SA14-14-2 (human vaccine strain) and JE Nakayama {JE-N 
[virulent mouse brain-passaged strain]), were studied in cell culture and 
laboratory mice. The JE envelope protein (E) retained antigenic and 
biological properties when expressed with its prM protein together with 
the YF capsid; however, viable chimeric viruses incorporating the entire 
JE structural region (C-prM-E) could not be obtained. 

YF/JE (prM-E) chimeric viruses grew efficiently in cells of vertebrate 
or mosquito origin compared to the parental viruses. The YF/JE SA14-14-2 
virus was unable to kill young adult mice by intracerebral challenge, even 
at doses of 10(6) PFU. In contrast, the YF/JE-N virus was neurovirulent, 
but the phenotype resembled parental YF virus rather than JE-N. Ten 
predicted amino acid differences distinguish the JE E proteins of the 
two chimeric viruses, therefore implicating one or more residues as 



system. This study indicates the feasibility of expressing protective 
antigens of JE virus in the context of a live, attenuated flavivirus 
vaccine strain (YF17D) and also establishes a genetic system for 
investigating the molecular basis for neurovirulence determinants encoded 
within the JE E protein. 
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1999145404. PubMed ID: 10022806. Retrospective study of Western blot 

profiles in immune sera of natural dengue virus infections. Se-Thoe S Y; 
Ng M M; Ling A E. (Department of Microbiology, National University of 
Singapore, Singapore General Hospital, Republic of Singapore. ) Journal of 
medical virology, (1999 Mar) Vol. 57, No. 3, pp. 322-30. Journal code: 
7705876. ISSN: 0146-6615. Pub. country: United States. Language: English. 

AB The Western blot (WB) assay was used to determine dengue virus 

antibodies present in human immune sera arising from recent primary and 
secondary dengue virus infections in Singapore. Cell lysates of 
dengue-2 virus-infected C6/36 and Vero cells were used. Antibodies 
directed against structural proteins of dengue-2 virus including 
envelope (E, gp60/50), capsid-premembrane (C-PrM, gp35), and 
premembrane (PrM, gp20) were detected, with antibody against envelope 
protein being most dominant. Similar WB profiles were detected in both 
primary and secondary dengue virus infections. The reactivity rate of 
antibodies to dengue-2 virus proteins was higher in infected Vero cell 
lysate than in infected C6/36 cell lysate, with the exception of 
antibodies to nonstructural proteins of NS1 and NS3, which were detected 
predominantly in infected C6/36 cell lysate. More than 75% of "normal" 
individuals (with no complaint of recent dengue virus infection) 
examined had low levels of dengue virus antibodies, but all presented 
with similar WB profiles as patients with recent dengue virus 
infections. This finding reflects a high seroprevalence of dengue virus 
infections and the long lasting nature of E, C-PrM, and PrM 
antibodies. Results from this study indicate that in natural dengue 
virus infections, native E, C-PrM, and PrM antigens of dengue 
virus are immunogenic and elicit long-lasting antibodies. 
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1999141635. PubMed ID: 9987162. Protection against lethal Japanese 

encephalitis virus infection of mice by immunization with the highly 
attenuated MVA strain of vaccinia virus expressing JEV prM and E 
genes. Nam J H; Wyatt L S; Chae S L; Cho H W; Park Y K; Moss B. 
(Department of Viral Disease, Korean NIH, Seoul, Korea. ) Vaccine, (1999 
Jan 21) Vol. 17, No. 3, pp. 261-8. Journal code: 8406899. ISSN: 
0264-410X. Pub. country: ENGLAND: United Kingdom. Language: English. 

AB Genes encoding the glycosylated precursor of the membrane (prM) and 
envelope (E) proteins of a Korean strain of Japanese encephalitis 
virus (JEV) were inserted into the genome of the host-range restricted, 
highly attenuated, and safety-tested MVA strain of vaccinia virus. MVA 
recombinants containing the JEV genes, under strong synthetic or modified 
H5 vaccinia virus promoters, were isolated. Synthesis of JEV prM and 
E proteins was detected by immunofluorescence microscopy, flow 
cytometry, and polyacrylamide gel electrophoresis. Mice inoculated and 
boosted by various routes with either of the MVA recombinants produced JEV 
neutralizing antibodies, that had titres comparable with those induced by 
an inactivated JEV vaccine, as well as haemagglutination-inhibiting 
antibodies. Mice immunized with 2 x 10(6) infectious units of MVA/ JEV 
recombinants by intramuscular or intraperitoneal routes were completely 
protected against a 10(5) LD50 JEV challenge at 9 weeks of age. 
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1999139041. PubMed ID: 9971841. PrM- and cell-binding domains of the 
dengue virus E protein. Wang S; He R; Anderson R. (Department of 
Microbiology and Immunology, Dalhousie University, Halifax, Nova Scotia 
B3H 4H7, Canada. ) Journal of virology, <1999 Mar) Vol. 73, No. 3, pp. 
2547-51. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States . Language : English . 

AB The E-prM proteins of flaviviruses are unusual complexes which play 

important roles in virus assembly and fusion modulation and in potential 
immunity-inducing vaccines. Despite their importance, little is known 
about the biogenesis and structural organization of E-prM complexes. 
Pulse-chase radiolabeling of dengue virus-infected Vero cells 
demonstrated a rapid interassociation of E and prM proteins, and 
sucrose gradient sedimentation analysis suggested that E-prM complexes 
progressed from simple heteromers to more densely sedimenting structures 
indicating increased multimerization. E-prM heteromers of even higher 
complexity were observed in virus particles, suggesting an intracellular 
assembly process which results in the networking of E-prM subunits 
into a lattice-like structure found in virus particles. Trypsin cleavage 
of E-prM-containing virus particles resulted in the release of a 
soluble 45-kDa fragment of the E protein which retained cell-binding 
activity. The results suggest that E-prM interactions in dengue 
virus particles are largely mediated by domains in the carboxy-terminal 
anchoring domain of E, while cell-binding activity is retained in a 
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1999036024. PubMed ID: 9820138. Growth restriction of dengue virus type 

2 by site-specific mutagenesis of virus -encoded glycoproteins. Pryor M J; 
Gualano R C; Lin B; Davidson A D; Wright P J. (Department of Microbiology, 
Monash University, Clayton, Victoria, Australia. ) The Journal of general 
virology, (1998 Nov) Vol. 79 ( Pt 11), pp. 2631-9. Journal code: 
0077340. ISSN: 0022-1317. Pub. country: ENGLAND: United Kingdom. Language: 
English . 

AB The three flavivirus glycoproteins prM, E and NS1 are formed by 

post-translational cleavage and are glycosylated by the addition of 
N-linked glycans. NS1 may form homodimers, whereas E may form 
homodimers, homotrimers or heterodimers (prM-E) . Modification of 
these processes by mutagenesis of the proteins has the potential to 
generate viruses that are restricted in growth and are possible vaccine 
candidates. Using an SV40-based expression system, we previously analysed 
dimerization and secretion of the NS1 protein of dengue virus type 2 
(DEN-2) with mutations in the conserved Cys residues, or within 
hydrophilic or hydrophobic regions, or at glycosylation sites. In this 
study, mutations which reduce cleavage at the DEN-2 prM/E signalase 
cleavage site are described. On the basis of earlier and current results 
with transient expression, six mutations which reduced NS1 dimerization 
and two mutations which inhibited prM/E cleavage were analysed 
individually for their effects on virus growth using a genomic length cDNA 
clone. Two viruses were obtained that showed reduced growth in cell 
culture and attenuation of neurovirulence when inoculated into 3-day-old 
mice. One of these viruses encoded NS1 that lacked the second 
glycosylation site, the other encoded a Ser — > lie change at the -3 
position of the prM/E cleavage site. A third virus encoding a 
mutation in NS1 within a hydrophilic region grew as well as the parental 
virus. No virus was detected for the remaining five mutations. 
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19984 45455. PubMed ID: 9770429. DNA-based and alphavirus-vectored 

immunisation with prM and E proteins elicits long-lived and protective 
immunity against the flavivirus, Murray Valley encephalitis virus. 
Colombage G; Hall R; Pavy M; Lobigs M. {John Curtin School of Medical 
Research, The Australian National University, Canberra, ACT, 2601, 
Australia. ) Virology, (1998 Oct 10) Vol. 250, No. 1, pp. 151-63. 
Journal code: 0110674. ISSN: 0042-6822. Pub. country: United States. 
Language: English. 

AB The immunogenicity and protective efficacy of DNA-based vaccination with 
plasmids encoding the membrane proteins prM and E of the flavivirus 
Murray Valley encephalitis virus (MVE) were investigated. Gene 
gun-mediated intradermal delivery of DNA encoding the prM and E 
proteins elicited long-lived, virus-neutralising antibody responses in 
three inbred strains of mice and provided protection from challenge with a 
high titer inoculum of MVE. Intramuscular DNA vaccination by needle 
injection also induced MVE-specific antibodies that conferred resistance 
to challenge with live virus but failed to reduce virus infectivity in 
vitro. The two routes of DNA-based vaccination with prM and E 
encoding plasmids resulted in humoral immunty with distinct IgG subtypes. 
MVE-specific IgGl antibodies were always prevalent after intradermal DNA 
vaccination via a gene gun but not detected when mice were immunised with 
DNA by the intramuscular route or infected with live virus. We also 
tested a Semliki Forest virus replicon as vector for a flavivirus prM 
and E protein-based subunit vaccine. Single-cycle infections in mice 
vaccinated with packaged recombinant replicon particles elicited durable, 
MVE-specific, and virus-neutralising antibody responses. 
Copyright 1998 Academic Press. 
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1998419473. PubMed ID: 9747336. Partial nucleotide sequence of Japanese 
encephalitis virus ling strain genome and comparison of the encoded 
structural proteins and nonstructural protein NS1 among Japanese 
encephalitis virus strains. Jan L R; Chen K L; Lu C F; Horng C B. 
(National Institute of Preventive Medicine, Department of Health, Taipei, 
Taiwan, R.O.C. ) Zhonghua Minguo wei sheng wu ji mian yi xue za zhi = 
Chinese journal of microbiology and immunology, (1994 May) Vol. 27, No. 
2, pp. 80-9. Journal code: 8008067. ISSN: 0253-2662. Pub. country: 
TAIWAN: Taiwan, Province of China. Language: English. 

AB Approximately 4 000 nucleotides of the 5' -terminal portion of Japanese 
encephalitis virus (JEV) Ling strain genome were cloned and sequenced. 
This nucleotide sequence and its encoded C-PrM-E-NSl polyprotein 
sequences were also compared with the corresponding sequences of other JE 
virus strains. Results demonstrated that the nucleotide sequence homology 
varied from 97.1 to 99.3% and the amino acid homology 98.6 to 98.9%. 
Based on homology, the Ling strain was closer to the Beijing-1 strain than 
to the SA14 and JaOArS982 strains. However, only on comparison of the E 
sequence, which neutralization, hemagglutination-inhibition and complement 
fixation antigenic determinants are located, between Ling and other JEV 
strains demonstrated that nucleotide sequence homology varied from 97.1% 



is more closely related to the Beijing-1 strain than to the Nakayama NIH, 
SA14 and JaOArS982 strains in that order. Based on this analysis, the 
Taiwanese JEV strain appears to be more closely related to the Chinese 
strain than to the Japanese strain. Also, JEV strains isolated in humans 
are more closely related to each other than to JEV strains of mosquito 
isolates . 
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1998291412. PubMed ID: 9627942. Induction of Japanese encephalitis 

virus-specific cytotoxic T lymphocytes in humans by poxvirus -based JE 
vaccine candidates. Konishi E; Kurane I; Mason P W; Shope R E; 
Kanesa-Thasan N; Smucny J J; Hoke C H Jr; Ennis F A. (Department of 
Medical Zoology, Kobe University School of Medicine, Japan.. 
ekon@ams.kobe-u.ac.jp} . Vaccine, (1998 May) Vol. 16, No. 8, pp. 842-9. 
Journal code: 8406899. ISSN: 0264-410X. Pub. country: ENGLAND: United 
Kingdom. Language: English. 

AB Poxvirus-based recombinant Japanese encephalitis (JE) vaccine candidates, 
NYVAC-JEV and AL VAC- JEV, were examined for their ability to induce JE 
virus-specific cytotoxic T lymphocytes (CTLs) in a phase I clinical trial. 
These vaccine candidates encoded the JE virus premembrane (prM), 
envelope (E) and non-structural 1 (NS1) proteins. The volunteers 
received subcutaneous inoculations with each of these candidates on days 0 
and 28, and blood was drawn 2 days before vaccination and on day 58. 
Anti-E and anti-NSl antibodies were elicited in most vaccinees 
inoculated with NYVAC-JEV and in some vaccinees inoculated with AL VAC- JEV. 
Peripheral blood mononuclear cells ( PBMCs ) obtained from approximately one 
half of vaccines showed positive proliferation in response to stimulation 
with live JE virus. Cytotoxic assays demonstrated the presence of JE 
virus-specific CTLs in in vitro-stimulated PBMCs obtained from two 
NYVAC-JEV and two ALVAC-JEV vaccinees. Cell depletion tests using PBMCs 
from one NYVAC-JEV recipient indicated that the phenotype of CTLs was 
CD8+CD4-. 
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1998285757. PubMed ID: 9621059. Encapsidation of the flavivirus kunjin 
replicon RNA by using a complementation system providing Kunjin virus 
structural proteins in trans. Khromykh A A; Varnavski A N; Westaway E G. 
(Sir Albert Sakzewski Virus Research Centre, Royal Children's Hospital, 
Brisbane, Queensland 4029, Australia.. A.Khromykh@mailbox.uq.edu.au) . 
Journal of virology, (1998 Jul) Vol. 72, No. 7, pp. 5967-77. Journal 
code: 0113724. ISSN: 0022-538X. Pub. country: United States. Language: 
English. 

AB Kunjin virus (KUN) replicon RNA was encapsidated by a procedure involving 
two consecutive electroporations of BHK-21 cells, first with KUN replicon 
RNA C20DXrep (with prME and most of C deleted) and about 24 h later with 
a recombinant Semliki Forest virus (SFV) replicon RNA(s) expressing KUN 
structural proteins. The presence of KUN replicon RNA in encapsidated 
particles was demonstrated by its amplification and expression in newly 
infected BHK-21 cells, detected by Northern blotting with a KUN-specific 
probe and by immunofluorescence analysis with anti-NS3 antibodies. No 
infectious particles were produced when C20DXrep RNA and recombinant SFV 
RNAs were electroporated simultaneously. When the second electroporation 
was performed with a single SFV replicon RNA expressing the KUN contiguous 
prME genes and the KUN C gene together but under control of two separate 
26S subgenomic promoters ( SFV -prME -CI 07 ) , a 10-fold-higher titer of 
infectious particles was achieved than when two different SFV replicon 
RNAs expressing the KUN C gene (SFV-C107) and prME genes (SFV -prME) 
separately were used. No SFV replicon RNAs expressing KUN structural 
proteins were encapsidated in secreted particles. Infectious particles 
pelleted by ultracentrif ugation of the culture fluid from cells 
sequentially transfected with C20DXrep and SFV-prME-C107 RNAs were 
neutralized by preincubation with monoclonal antibodies to KUN E 
protein. Radioimmunoprecipitation analysis with anti-E antibodies of 
the culture fluid of the doubly transfected cells showed the presence of 
C, prM/M, and E proteins in the immunoprecipitated particles. Reverse 
transcription-PCR analysis showed that the immunoprecipitated particles 
also contained KUN-specific RNA. The encapsidated replicon particles 
sedimented more slowly than KUN virions in a 5 to 25% sucrose density 
gradient and were uniformly spherical, with an approximately 35-nm 
diameter, compared with approximately 50 nm for KUN virions. The results 
of this study demonstrate for the first time packaging of flavivirus RNA 
in trans, and they exclude a role in packaging for virtually all of the 
structural region. Possible applications of the developed packaging 
system include the definition of the packaging signal (s) in flavivirus 
RNA as well as the amino acid motif (s) in the structural proteins involved 
in RNA encapsidation, virion assembly, and secretion. Furthermore, it 
could facilitate the development of a noninfectious vaccine delivery 
system based on encapsidation of a noncytopathic flavivirus replicon 
expressing heterologous genes. 
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1998241731. PubMed ID: 9573260. Induction of protective immunity against 



Japanese encephalitis virus premembrane and envelope genes. Konishi 
E; Yamaoka M; Khin-Sane-Win; Kurane I; Mason P W. (Department of Medical 
Zoology, Kobe University School of Medicine, Kobe 650, Japan. . 
ekon@ams.kobe-u.ac.jp) . Journal of virology, (1998 Jun) Vol. 72, No. 6, 
pp. 4925-30. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States. Language: English. 
AB A DNA vaccine plasmid containing the Japanese encephalitis (JE) virus 
premembrane (prM) and envelope (E) genes (designated pcDNA3JEME) was 
evaluated for immunogenicity and protective efficacy in mice. Two 
immunizations of 4 -week-old female ICR mice with pcDNA3JEME by 
intramuscular or intradermal injections at a dose of 10 or 100 microg per 
mouse elicited neutralizing (NEUT) antibodies at titers of 1:10 to 1:20 
(90% plaque reduction), and all immunized mice survived a challenge with 
10,000 50% lethal doses of the P3 strain of JE virus. A single 
immunization with 100 microg of pcDNA3JEME did not elicit detectable NEUT 
antibodies but induced protective immunity. Spleen cells obtained from 
BALB/c mice immunized once with 10 or 100 microg of pcDNA3 JEME contained 
JE virus-specific memory cytotoxic T lymphocytes (CTLs). BALB/c mice 
maintained detectable levels of memory B cells and CTLs for at least 6 
months after one immunization with pcDNA3JEME at a dose of 100 microg. 
The CTLs induced in BALB/c mice immunized twice with 100 microg of 
pcDNA3JEME were CD8 positive and recognized mainly the envelope protein. 
These results indicate that pcDNA3JEME has the ability to induce a 
protective immune response which includes JE virus-specific antibodies and 
CTLs. 
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1998178636. PubMed ID: 9519821. Identification of a major determinant of 
mouse neurovirulence of dengue virus type 2 using stably cloned 
genomic-length cDNA. Gualano R C; Pryor M J; Cauchi M R; Wright P J; 
Davidson A D. (Department of Microbiology, Monash University, Clayton, 
Victoria, Australia. ) The Journal of general virology, (1998 Mar) Vol. 
79 ( Pt 3), pp. 437-46. Journal code: 0077340. ISSN: 0022-1317. Pub. 
country: ENGLAND: United Kingdom. Language: English. 

AB A genomic-length cDNA clone corresponding to the RNA of dengue virus 

type 2 (DEN-2) New Guinea C strain (NGC) was constructed in a low copy 
number vector. The cloned cDNA was stably propagated in Escherichia coil 
and designated pDVWSSOl . RNA transcripts produced in vitro from the cDNA 
using T7 RNA polymerase yielded infectious virus (MON501) upon 
electroporation into BHK-21 cells. When compared with parental NGC virus, 
MON501 replicated to similar levels in Aedes albopictus C6/36 cells and 
showed similar neurovirulence in suckling mice. In contrast, a second 
genomic-length cDNA clone (pDVWS310) used as an intermediate in the 
construction of pDVWSSOl produced virus (MON310) that replicated well in 
C6/36 cells but was not neurovirulent in mice. MON310 contained the prM 
and E genes of the non-neurovirulent PUO-218 strain in an NGC 
background. There were seven amino acid differences between the prM and 
E proteins of MON310 and MON501 . The differences were generally 
conservative, with the exception of E residue 126, which was Glu in 
MON310 and Lys in MON501. To examine the role of this residue in mouse 
neurovirulence, substitutions of Glu — > Lys and Lys — > Glu were made in 
MON310 and MON501, respectively. The properties of these mutants clearly 
demonstrated that Lys at E residue 126 is a major determinant of DEN-2 
mouse neurovirulence . 

L37 ANSWER 19 OF 83 MEDLINE on STN 

1998139149. PubMed ID: 9499109. Characterization of defective viral RNA 
produced during persistent infection of Vero cells with Murray Valley 
encephalitis virus. Lancaster M U; Hodgetts S I; Mackenzie J S; Urosevic 
N. (Department of Microbiology, University of Western Australia, Nedlands. 
) Journal of virology, (1998 Mar) Vol. 72, No. 3, pp. 2474-82. Journal 
code: 0113724. ISSN: 0022-538X. Pub. country: United States. Language: 
English. 

AB Defective interfering viral particles are readily produced in cell culture 
after a high multiplicity of infection with many animal RNA viruses. Due 
to defects that they carry in their genomes, their life cycle needs to be 
complemented by the helper functions provided by a parental virus which 
makes them both dependent on and competitive with the parental virus. In 
many instances, this may cause the abrogation of a lytic cycle of the 
parental virus, leading to a persistent infection. In this paper, we 
describe for the first time the presence of truncated or defective 
interfering viral RNAs produced in Vero cells persistently infected with 
the flavivirus Murray Valley encephalitis virus. While these RNAs have 
not been detected in acutely infected Vero cells, their appearance 
coincided with the establishment of persistent infection. We also show 
for the first time that the defective viral RNAs replicate well in both 
cell culture and cell-free virus replication systems, indicating that they 
may interfere with the replication of parental virus at the level of viral 
RNA synthesis. Significantly, structural analyses of these RNA species 
including nucleotide sequencing have revealed that they carry similar 
nucleotide deletions encompassing the genes coding for the prM and E 
proteins and various gene segments coding for the N terminus of the NS1 



truncated NS1 proteins to occur in persistently infected cells. This may 
have further implications for the interference with the parental virus at 
the level of viral RNA synthesis in addition to a major one at the level 
of virion assembly and release. 
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1998080404. PubMed ID: 9420215. DNA immunization with Japanese 
encephalitis virus nonstructural protein NS1 elicits protective 
immunity in mice. Lin Y L; Chen L K; Liao C L; Yeh C T; Ma S H; Chen J L; 
Huang Y L; Chen S S; Chiang H Y. (Institute of Preventive Medicine, 
National Defense Medical Center, Taipei, Taiwan, Republic of China.. 
yll@msll.hinet.net) . Journal of virology, (1998 Jan) Vol. 72, No. 1, 
pp. 191-200. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States. Language: English. 

AB Japanese encephalitis virus (JEV), a mosquito-borne flavi virus, is 

a zoonotic pathogen that is prevalent in some Southeast Asian countries 
and causes acute encephalitis in humans. To evaluate the potential 
application of gene immunization to JEV infection, we characterized the 
immune responses from mice intramuscularly injected with plasmid DNA 
encoding JEV glycoproteins, including the precursor membrane (prM) plus 
envelope (E) proteins and the nonstructural protein NS1. When injected 
with the plasmid expressing prM plus E, 70% of the immunized mice 
survived after a lethal JEV challenge, whereas when immunized with the 
plasmid expressing NS1, 90% of the mice survived after a lethal challenge. 
As a control, the mice immunized with the DNA vector pcDNA3 showed a low 
level (40%) of protection, suggesting a nonspecific adjuvant effect of the 
plasmid DNA. Despite having no detectable neutralizing activity, the NS1 
immunization elicited a strong antibody response exhibiting cytolytic 
activity against JEV-infected cells in a complement -dependent manner. By 
contrast, immunization with a construct expressing a longer NS1 protein 
{NS1 1 }, containing an extra 60-amino-acid portion from the N terminus of 
NS2A, failed to protect mice against a lethal challenge. Biochemical 
analyses revealed that when individually expressed, NS1 but not NS1 1 could 
be readily secreted as a homodimer in large quantity and could also be 
efficiently expressed on the cell surface. Interestingly, when NS1 and 
NS1 1 coexisted in cells, the level of NS1 cell surface expression was much 
lower than that in cells expressing NS1 alone. These data imply that the 
presence of partial NS2A might have a negative influence on an NS1 -based 
DNA vaccine. The results herein clearly illustrate that immunization with 
DNA expressing NS1 alone is sufficient to protect mice against a lethal 
JEV challenge. 

L37 ANSWER 21 OF 83 MEDLINE on STN 

1998037671. PubMed ID: 9371620. Naked DNA vaccines expressing the prM 
and E genes of Russian spring summer encephalitis virus and Central 
European encephalitis virus protect mice from homologous and heterologous 
challenge. Schmaljohn C; Vanderzanden L; Bray M; Custer D; Meyer B; Li D; 
Rossi C; Fuller D; Fuller J; Haynes J; Huggins J. (Virology Division, 
United States Army Medical Research Institute of Infectious Diseases, Fort 
Detrick, Maryland 21702-5011, USA. ) Journal of virology, (1997 Dec) 
Vol. 71, No. 12, pp. 9563-9. Journal code: 0113724. ISSN: 0022-538X. Pub. 
country: United States. Language: English. 

AB Naked DNA vaccines expressing the prM and E genes of two tick-borne 
flaviviruses, Russian spring summer encephalitis (RSSE) virus and 
Central European encephalitis (CEE) virus were evaluated in mice. The 
vaccines were administered by particle bombardment of DNA-coated gold 
beads by Accell gene gun inoculation. Two immunizations of 0.5 to 1 
microg of RSSE or CEE constructs/dose, delivered at 4-week intervals, 
elicited cross-reactive antibodies detectable by enzyme-linked 
immunosorbent assay and high-titer neutralizing antibodies to CEE virus. 
Cross-challenge experiments demonstrated that either vaccine induced 
protective immunity to homologous or heterologous RSSE or CEE virus 
challenge. The absence of antibody titer increases after challenge and 
the presence of antibodies to E and prM, but not NS1, both before and 
after challenge suggest that the vaccines prevented productive replication 
of the challenge virus. One vaccination with 0.5 microg of CEE virus DNA 
provided protective immunity for at least 2 months, and two vaccinations 
protected mice from challenge with CEE virus for at least 6 months. 
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1998006179. PubMed ID: 9347956. Rapid characterization of genetic 
diversity among twelve dengue-2 virus isolates by single-strand 
conformation polymorphism analysis. Farfan J A; Olson K E; Black W C 4th; 
Gubler D J; Beaty B J. (Department of Microbiology, Colorado State 
University, Fort Collins 80523, USA. ) The American journal of tropical 
medicine and hygiene, (1997 Oct) Vol. 57, No. 4, pp. 416-22. Journal 
code: 0370507. ISSN: 0002-9637. Pub. country: United States. Language: 
English . 

AB Single-strand conformation polymorphism (SSCP) analysis was used to 

characterize genetic polymorphisms among 12 isolates of dengue-2 virus, 
which were previously genetically characterized by RNase Tl 
oligonucleotide mapping and by sequencing the viral envelope (E) gene. 



reverse transcriptase-polymerase chain reaction. The viral E, 
premembrane (prM) , and nonstructural 5 (NS5) gene cDNAs of 291 basepairs 
(bp), 291 bp, and 201 bp, respectively, were denatured, rapidly chilled to 
promote intrastrand reassociation, electrophoretically separated on 
nondenaturing polyacrylamide gels, and SSCP patterns were observed by 
silver staining- The SSCP analysis revealed polymorphisms among a number 
of dengue-2 isolates from the same topotype, and these were markedly 
different between isolates of different topotype (distinct genetic group). 
Comparison of nucleotide sequence and SSCP analyses of the 291-bp E cDNA 
demonstrated that virus isolates that produced identical SSCP patterns 
contained 0-7 nucleotide substitutions, whereas isolates that showed 
different SSCP patterns contained 4-25 nucleotide substitutions. Positive 
predictive value and negative predictive value as measures of certainty 
for predicting identical and different sequences were 26% and 100%, 
respectively. The SSCP patterns of the 12 dengue-2 isolates suggested 
greater genetic variation in the prM gene region than in either the E 
or NS5 gene regions. The SSCP analyses should allow easy, sensitive, and 
rapid screening of dengue viruses isolates and the assessment of 
variation at a number of sites in the virus genome. Additionally, SSCP 
screening of dengue-2 virus for genetic variability may reveal the 
introduction of new viral genotypes in a given geographic area. These 
genetic variants of the virus could serve as markers of the epidemic 
potential of the virus strain. 
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1998001369. PubMed ID: 9343204. Proteolytic activation of tick-borne 

encephalitis virus by furin. Stadler K; Allison S L; Schalich J; Heinz F 
X. (Institute of Virology, University of Vienna, Austria. ) Journal of 
virology, (1997 Nov) Vol. 71, No. 11, pp. 8475-81. Journal code: 
0113724. ISSN: 0022-538X. Pub. country: United States. Language: English. 

AB Flaviviruses are assembled intracellularly in an immature form 

containing heterodimers of two envelope proteins, E and prM. Shortly 
before the virion exits the cell, prM is cleaved by a cellular enzyme, 
and this processing step can be blocked by treatment with agents that 
raise the pH of exocytic compartments. We carried out in vivo and in 
vitro studies with tick-borne encephalitis (TBE) virus to investigate the 
possible role of furin in this process as well as the functional 
consequences of prM cleavage. We found that prM in immature virions 
can be correctly cleaved in vitro by recombinant bovine furin but that 
efficient cleavage occurs only after exposure of the virion to mildly 
acidic pH. The data suggest that exposure to an acidic environment 
induces an irreversible structural change that renders the cleavage site 
accessible to the enzyme. Cleavage by furin in vitro resulted in 
biological activation, as shown by a 100-fold increase in specific 
infectivity, the acquisition of membrane fusion and hemagglutination 
activity, and the ability of the envelope proteins to undergo 
low-pH-induced structural rearrangements characteristic of mature virions. 
In vivo, prM cleavage was blocked by a furin inhibitor, and infection of 
the f urin-def icient cell line LoVo yielded only immature virions, 
suggesting that furin is essential for cleavage activation of 
flaviviruses . 
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97335175. PubMed ID: 9191841. Changes in the dengue virus major envelope 
protein on passaging and their localization on the three-dimensional 
structure of the protein. Lee E; Weir R C; Dalgarno L. (Division of 
Biochemistry and Molecular Biology, Faculty of Science, Australian 
National University, Canberra, Australia.. Eva.Lee@anu.edu.au) . Virology, 
(1997 JUn 9) Vol. 232, No. 2, pp. 281-90. Journal code: 0110674. ISSN: 
0042-6822. Pub. country: United States. Language: English. 

AB To help define the molecular events involved in dengue virus adaptation 

during serial passage in vivo and in cultured cells, we have sequenced the 
structural protein genes of three dengue type 3 isolates after 
intracerebral passage in mice and after passage in cultured monkey kidney 
(Vero) and Aedes albopictus (mosquito) cells. Passaging in each host 
selected for amino acid changes in the envelope protein E and 
occasionally in prM but not in the capsid protein. Most changes were 
first apparent within five passages. Nineteen of twenty mutations in the 
structural protein genes resulted in amino acid changes concentrated on 12 
residues; 9 of the 12 amino acid changes were at residues which are 
conserved between the four dengue virus serotypes. Certain amino acid 
changes were repeatedly selected on passage in cell culture. In six 
independent Vero cell passage series, changes were observed in E at 
residues 191 (four times), 202 (twice), 266 and 268 (three times), and 
291; change in prM was seen in two passage series at residue 26. Two 
independent passage series in mosquito cells each resulted in the loss of 
a conserved glycosylation site at Asn 153 in E. Passage in mouse brain 
selected for mutations at E residues 18, 54, 277, 401, and 403. 
Residues which altered on passaging have been localized on the 
three-dimensional structure of the tick-borne encephalitis virus E 
protein soluble fragment (F. A. Rey, et al., 1995, Nature 375, 291-298). 
Residues 54, 191, 202, 266, 268, and 277 map to a postulated "hinge" 



flavivlruses with cell membranes. The oligosaccharide at Asn 153 also 
appears to be involved in flavi virus fusion. Changes in the fusion 
characteristics of the passaged viruses were demonstrated. 
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1999173489. PubMed ID: 10075167. The use of Toxorhynchites splendens for 
identification and quantitation of serotypes contained in the 
tetravalent live attenuated dengue vaccine. Jirakanj anakit N; Khin M 
M; YoJcsan S; Bhamarapravati N. (Center for Vaccine Development, Mahidol 
University, Salaya, Nakornpathom, Thailand. ) Vaccine, (1999 Feb 12) 
Vol. 17, No. 6, pp. 597-601. Journal code: 8406899. ISSN: 0264-410X. Pub. 
country: ENGLAND: United Kingdom. Language: English. 



control in the manufacture of vaccines. Dengue-1 PDK13, dengue-2 
PDK53, dengue-3 PGMK30F3 and dengue-4 PDK4 8 in the live attenuated 
tetravalent dengue vaccine were assayed by identification and 
quantitation in a mosquito system (Toxorhynchites splendens). Each 
serotype of dengue virus was identified by dengue specific monoclonal 
antibodies in the indirect fluorescent antibody test. Virus content was 
estimated by calculating the 50% mosquito infectious dose (MID50). 
Differences from 0 to +/-0.5 loglO were observed between the original 
monovalent titer and that from the blend which showed no significant 
difference at 95% confidence limit (P < 0.05). This result indicates that 
there is no interference between dengue serotypes in mosquitoes infected 
by intrathoracic inoculation with the virus mixture. It can be also 
concluded that this mosquito system can be used as an effective measure 
for infectivity titration of each component in the tetravalent dengue 
vaccine . 
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1998423756. PubMed ID: 9752834. Dengue and dengue haemorrhagic fever. 

Rigau-Perez J G; Clark G G; Gubler D J; Reiter P; Sanders E J; Vorndam A 
V. (Dengue Branch, Division of Vector-borne Infectious Diseases, Centers 
for Disease Control and Prevention, San Juan, Puerto Rico 00921-3200, 
USA. . Jorl@cdc.gov) . Lancet, (1998 Sep 19) Vol. 352, No. 9132, pp. 
971-7. Ref: 83. Journal code: 2985213R. ISSN: 0140-6736. Pub. country: 
ENGLAND: United Kingdom. Language: English. 

AB The incidence and geographical distribution of dengue have greatly 
increased in recent years. Dengue is an acute mosquito-transmitted 
viral disease characterised by fever, headache, muscle and joint pains, 
rash, nausea, and vomiting. Some infections result in dengue 
haemorrhagic fever (DHF), a syndrome that in its most severe form can 
threaten the patient's life, primarily through increased vascular 
permeability and shock. The case fatality rate in patients with dengue 
shock syndrome can be as high as 44%. For decades, two distinct 
hypotheses to explain the mechanism of DHF have been debated-secondary 
infection or viral virulence. However, a combination of both now seems to 
be the plausible explanation. The geographical expansion of DHF presents 
the need for well-documented clinical, epidemiological, and virological 
descriptions of the syndrome in the Americas. Biological and social 
research are essential to develop effective mosquito control, medications 
to reduce capillary leakage, and a safe tetravalent vaccine. 
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1998420053. PubMed ID: 9749624. Immunoglobulin M-capture 

biotin-streptavidin enzyme-linked immunosorbent assay for detection of 
antibodies to dengue viruses. Kittigul L; Suthachana S; Kittigul C; 
Pengruangrojanachai V. (Department of Microbiology, Faculty of Public 
Health, Mahidol University, Bangkok, Thailand. ) The American journal of 
tropical medicine and hygiene, (1998 Sep) Vol. 59, No. 3, pp. 352-6. 
Journal code: 0370507. ISSN: 0002-9637. Pub. country: United States. 
Language : English . 

AB A biotin-streptavidin system was adapted to an IgM-capture ELISA for 
detection of dengue antibodies in human sera. To develop this assay, 
high titers of antibodies to flavivirus were purified by ion-exchange 
chromatography ( DEAE-cellulose ) and labeled with biotin. Heavy 
chain-specific goat anti-human IgM was first bound to the wells of a 
polystyrene microtiter plate, followed by binding of IgM in test 
specimens, and the use of tetravalent dengue antigens (dengue 1-4), 
biotin-labeled anti -flavivirus IgG, and streptavidin-peroxidase 
conjugate. The sensitivity and specificity of the IgM-capture 
biotin-streptavidin ELISA ( IgM-BS-ELISA) in acute sera were 83.3% of 
patients with dengue infection and 95.3% of nondengue-inf ected cases, 
respectively. The positive predictive value was 92.4% and the negative 
predictive value was 89.2%. The efficiency of test was 90.4%. In 
convalescent sera, the sensitivity and specificity of IgM-BS-ELISA were 
100% and 92.6%, respectively. The predictive values of positive and 
negative results were 90.3% and 100%, respectively. The efficiency of 
test was 95.6%. The agreement rate of IgM-BS-ELISA and standard 
hemagglutination inhibition test was good: kappa (kappa) values were 0.79 
for acute sera and 0.91 for convalescent sera. The correlation between 
two methods was quite good, with correlation coefficients (r) of 0.76 for 
acute sera and 0.85 for convalescent sera (P < 0.001). The results 
indicate that the IgM-BS-ELISA is highly sensitive, specific, simple to 
perform, and rapid. 
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1998412674. PubMed ID: 9741643. Evaluation of molecular strategies to 

develop a live dengue vaccine. Lai C J; Bray M; Men R; Cahour A; Chen W; 
Kawano H; Tadano M; Hiramatsu K; Tokimatsu I; Pletnev A; Arakai S; Shameem 
G; Rinaudo M. (Molecular Viral Biology Section, Laboratory of Infectious 
Diseases, National Institutes of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD 20892, USA., clai@atlas.niaid.nih.gov) 
. Clinical and diagnostic virology, (1998 Jul 15) Vol. 10, No. 2-3, pp. 
173-9. Journal code: 9309653. ISSN: 0928-0197. Pub. country: Netherlands. 



AB BACKGROUND: Millions of individuals are estimated to become infected with 
dengue virus each year, particularly in tropical and subtropical 
regions. Mortality is low but infection can lead to a severe form of 
dengue, characterised by haemorrhage and shock. A safe and effective 
vaccine against dengue is still not available. OBJECTIVE: To use the 
successful construction of dengue type 4 virus ( DEN4 ) cDNA, which yields 
infectious RNA transcripts, to provide a new approach to the development 
of safe and effective dengue vaccines. STUDY DESIGN : The 3* and 5* 
noncoding (NC) regions of the genome were targeted to construct DEN 4 
deletion mutants, because the sequences in these regions are thought to 
play an important role in the regulation of viral replication. DEN 4 cDNA 
was also employed to construct a viable chimeric virus with dengue type 
1, 2 or 3 antigenicity, by substitution of heterotypic structural protein 
genes. RESULTS: Most viable mutants, recovered from the cDNA constructs, 
were partially restricted for growth in simian cells as analysed by plaque 
morphology assay and viral yield analysis. Several 3 1 NC deletion mutants 
which exhibited a range of growth restriction in cell culture were further 
evaluated for infectivity and immunogenicity in rhesus monkeys. 
Occurrence and duration of viraemia were reduced for these deletion 
mutants, compared to the wild type DEN 4 . Analysis of antibody response to 
infection in rhesus monkeys also indicated that some of these mutants were 
attenuated. These DEN4 deletion mutants represent promising live dengue 
vaccine candidates that merit further clinical evaluation. Chimera 
DEN1/DEN4 or DEN2/DEN4 which expresses DEN1 or DEN2 antigenicity were also 
used to infect monkeys. Most monkeys immunised with these chimeric 
viruses, singly or in combination, developed high titres of neutralising 
antibodies and were protected against homotypic wild type DEN1 or DEN2 
challenge. CONCLUSIONS: DEN 4 and its derived chimeric viruses of other 
three dengue serotype specificity, that contain appropriate attenuating 
mutations, have a potential use in a tetravalent live vaccine against 
dengue. 
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1998033180. PubMed ID: 9367357. Analysis of a recombinant dengue-2 

virus -dengue- 3 virus hybrid envelope protein expressed in a secretory 
baculovirus system. Bielef eldt-Ohmann H; Beasley D W; Fitzpatrick D R; 
Aaskov J G. (Centre for Molecular Biotechnology, School of Life Science, 
Queensland University of Technology, Brisbane, Australia.. 
helle@biosci.uq.edu.au) . The Journal of general virology, (1997 Nov) 
Vol. 78 ( Pt 11), pp. 2723-33. Journal code: 0077340. ISSN: 0022-1317. 
Pub. country: ENGLAND: United Kingdom. Language: English. 

AB In a step towards a tetravalent dengue virus subunit vaccine which is 
economical to produce, highly immunogenic and stable, a hybrid dengue 
virus envelope (E) protein molecule has been constructed. It consists of 
36 amino acids from the membrane protein, the N-terminal 288 amino acids 
of the dengue-2 virus E protein plus amino acids 289-424 of the 
dengue-3 virus E protein. It has been engineered for secretory 
expression by fusion to a mellitin secretory signal sequence and 
truncation of the hydrophobic transmembrane segment. Using the 
baculovirus expression system and serum-free conditions, more than 95% of 
recombinant dengue-2 virus -dengue-3 virus hybrid E protein (rD2D3E) 
was secreted into the cell culture supernatant in a stable form with 
multiple features indicative of preserved conformation. The hybrid 
molecule reacted with a panel of dengue virus- and flavivirus-specif ic 
MAbs which recognize linear or conformational epitopes on dengue 
virions. Human dengue virus-specific antisera also reacted with the 
protein. The hybrid rD2D3E protein was able to inhibit the in vitro 
binding of dengue-2 and dengue-3 viruses to human myelomonocytic 
cells, suggesting that the receptor-binding epitope (s) was preserved. 
Adjuvant-free immunization with the hybrid protein induced an antibody 
response to both dengue-2 and dengue-3 virus in outbred mice, 
comparable in strength to that of individual rD2E and rD3E proteins. 
Notably, these antibody responses were primarily of the IgG2a and IgG2b 
isotype. A strong dengue virus cross-reactive T cell response was also 
induced in the mice, suggesting that dengue virus hybrid E proteins 
could form the basis of an efficacious multivalent dengue virus vaccine. 
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96215657. PubMed ID: 8645110. Immunisation with DNA polynucleotides 

protects mice against lethal challenge with St. Louis encephalitis virus. 
Phillpotts R J; Venugopal K; Brooks T. (Microbiology Group, Chemical and 
Biological Defence Establishment, Porton Down, Wiltshire, U.K. ) Archives 
of virology, (1996) Vol. 141, No. 3-4, pp. 743-9. Journal code: 
7506870. ISSN: 0304-8608. Pub. country: Austria. Language: English. 

AB In vivo transfection by intramuscular injection with plasmids expressing 

the immunogenic proteins of microbial pathogens has considerable potential 
as a vaccination strategy against many pathogens of both man and animals. 
Here we report that weanling mice given a single intramuscular injection 
of 50 micrograms of a plasmid, pSLEl expressing the St. Louis 
encephalitis virus (SLE) prM/E protein under the control of the 
cytomegalovirus immediate early protein promoter produced SLE-specific 
antibody and were protected against lethal challenge with the virulent 



produce vaccines against flavivirus diseases of low incidence cheaply 
and rapidly, and to produce multivalent vaccines such as would be 
required for immunisation against dengue virus disease. 
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96211559. PubMed ID: 8648761. Monkeys immunized with intertypic chimeric 
dengue viruses are protected against wild-type virus challenge. Bray M; 
Men R; Lai C J. (Laboratory of Infectious Diseases, National Institute of 
Allergy and Infectious Diseases, Bethesda, Maryland 20892, USA. ) Journal 
of virology, (1996 Jun) Vol. 70, No. 6, pp. 4162-6. Journal code: 
0113724. ISSN: 0022-538X. Pub. country: United States. Language: English. 

AB Dengue epidemics caused by the four dengue virus serotypes continue to 
pose a major public health problem in most tropical and subtropical 
regions. A safe and effective vaccine against dengue is still not 
available. The current strategy for dengue immunization favors the use 
of a vaccine containing each of the four serotypes. We previously 
employed full-length dengue type 4 virus (DEN4) cDNA to construct a 
viable intertypic dengue virus of type 1 or type 2 antigenic specificity 
that contained the genes for the capsid-premembrane-envelope (C-pre-M-E) 
structural proteins of DEN1 or pre-M and E structural proteins of DEN2 
substituting for the corresponding DEN 4 genes. Chimeras DEN1/DEN4 and 
DEN2/DEN4, which express the nonstructural proteins of DEN 4 and the 
C-pre-M-E structural proteins of DEN1 or the pre-M-E structural proteins 
of DEN2, and therefore the antigenicity of type 1 or type 2, were used to 
immunize rhesus monkeys. Other monkeys were inoculated with parental 
DEN1, DEN 2, or cDNA-derived DEN4 . Three of four monkeys immunized with 
DEN1/DEN4 developed neutralizing antibodies against DEN1 and were 
protected against subsequent DEN1 challenge. All four monkeys immunized 
with DEN2/DEN4 developed antibodies against DEN2 and were protected 
against subsequent DEN2 challenge. DEN1- and DEN2- immunized monkeys were 
protected against homologous virus challenge, but DEN4 -immunized animals 
became viremic on cross-challenge with DEN1 or DEN2 . In a second 
experiment, eight monkeys were immunized with equal mixtures of DEN 1/ DEN 4 
and DEN2/DEN4. Each of these monkeys developed neutralizing antibodies 
against both DEN1 and DEN2 and were protected against subsequent challenge 
with DEN1 or DEN2 . Chimeric dengue viruses similar to those described 
here could be used to express serotype-specif ic antigens in a live 
attenuated tetravalent human vaccine. 
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96048320. PubMed ID: 8551257. Rapid and sensitive streptavidin-biotin 
amplified fluorogenic enzyme-linked immunosorbent -assay for direct 
detection and identification of dengue viral antigens in serum. Malergue 
F; Chungue E. (Unite de Virologie, Institut Territorial de Recherches 
Medicales Louis Malarde, Tahiti, French Polynesia. ) Journal of medical 
virology, (1995 Sep) Vol. 47, No. 1, pp. 43-7. Journal code: 7705876. 
ISSN: 0146-6615. Pub. country: United States. Language: English. 

AB Each of the four serotypes of dengue viruses is responsible for a 

spectrum of illnesses that range from nonspecific febrile syndrome with 
good prognosis to dengue haemorrhagic fever or dengue shock syndrome. 
Definite diagnosis of dengue is provided by the detection of virus in 
acute-phase sera of patients. Virus isolation can be accomplished with 
mosquito cell lines or mosquito inoculations. However, these methods are 
time consuming and labour intensive. The reverse-transcriptase polymerase 
chain reaction (RT-PCR) provides a potential means of rapid diagnosis but 
requires specialised facilities and equipment and is expensive. Therefore 
a rapid, simple, sensitive, and economical method for direct detection of 
viral antigens in viraemic sera is needed for clinical and epidemiological 
investigations. An amplified fluorogenic enzyme-linked immunosorbent 
assay (F-ELISA) is described for the detection and identification of 
dengue-3 viruses in serum specimens. This assay utilizes biotinylated 
mouse IgG antibody directed against dengue antigens captured by 
anti-dengue monoclonal antibody coated onto polystyrene microplate 
wells. It takes advantage of the high affinity of biotin for the 
multivalent binding sites of streptavidin-labelled beta-galactosidase, 
and combines the amplification effect of biotin-streptavidin interaction 
with the high sensitivity of fluorogenic detection methods. Following 
optimisation of the procedure by reducing non-specific binding of proteins 
and enhancing the specific binding of antigens, F-ELISA was tested on 259 
sera submitted routinely to our laboratory for confirmation of dengue 
diagnosis. The sensitivity of the F-ELISA was 90%, the specificity was 
99% and the agreement rate was 98% between F-ELISA and virus isolation 
results . 
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95333308. PubMed ID: 7609092. Construction of intertypic chimeric dengue 
viruses exhibiting type 3 antigenicity and neurovirulence for mice. Chen 
W; Kawano H; Men R; Clark D; Lai C J. (Molecular Viral Biology Section, 
National Institute of Allergy and Infectious Diseases, Bethesda, Maryland 
20892, USA. ) Journal of virology, (1995 Aug) Vol. 69, No. 8, pp. 
5186-90. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States. Language: English. 



major epidemics in tropical or subtropical areas. The current strategy 
for dengue virus immunization favors the use of a tetravalent vaccine 
preparation. We have previously employed full-length DEN4 cDNA to 
construct a viable intertypic dengue virus type 1 or type 2 chimera that 
contained the C-PreM-E or only the PreM-E genes of DEN1 or DEN 2 
substituting for the corresponding genes of DEN 4 . This success implied 
that it might be possible to create mutants of all four dengue virus 
serotypes for evaluation as candidate vaccines. In this study, we 
constructed DEN 3 -DEN 4 chimeras that contained DEN 3 C-PreM-E genes and 
expressed DEN3 antigenic specificity. Unlike our previous successes in 
cloning DEN1 or DEN 2 chimeric cDNA, we were not able to clone the DEN 3 
C-PreM-E genes directly in the 5' intermediate vector or in the 
full-length chimeric DEN3-DEN4 plasmid in Escherichia coli. Nevertheless, 
a full-length DNA template of DEN3-DEN4 that could be used for 
transcription of infections RNAs was prepared by in vitro ligation. 
Progeny virus recovered from RNA-trans f ected C6/36 mosquito cells 
exhibited DEN3 antigenic specificity as determined by a reaction with 
monoclonal antibodies. Gel electrophoresis of virus-infected cell lysates 
yielded the predicted viral protein pattern, i.e., DEN3 C, PreM, and E and 
DEN 4 nonstructural proteins. Two amino acid substitutions, Thr-435 — >Leu 
and Glu-406 — >Lys, which are analogous to mutations that, respectively, 
confer mouse neurovirulence on DEN4 and DEN2, were introduced into DEN 3 E. 
A mutant chimera containing the Thr-435 — >Leu substitution, which ablates 
the potential glycosylation site sequence, produced an E protein identical 
in size to that of wild-type DEN 3 E, indicating that the glycosylation 
site is normally not used. Intracerebral inoculation of suckling mice 
revealed that the mutant chimera containing the Glu-406 — >Lys substitution 
was neurovirulent, whereas its wild-type counterpart or parent DEN 3 was 
not . 
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94339727. PubMed ID: 8061530. [A serological survey regarding 
Flaviviridae infections on the island of Reunion (1971-1989)]. 
Enquetes serologiques concernant les arboviroses a Flaviviridae sur 
l'ile de la Reunion (1971-1989). Kles V; Michault A; Rodhain F; Mevel F; 
Chastel C. (Faculte de Medecine de Brest, Departement de Microbiologie et 
de Sante Publique, France. ) Bulletin de la Societe de pathologie exotique 
(1990), (1994) Vol. 87, No. 2, pp. 71-6. Journal code: 9212564. ISSN: 
0037-9085. Pub. country: France. Language: French. 

AB Serological prevalence of Flaviviridae was studied on Reunion Island by 

testing 2,507 human sera from a randomised sample. Each serum was tested 
against 5 viruses (yellow fever, dengue type 1 and 2, West Nile and 
Wesselsbron) using haemagglutination inhibition test: 42.68% of human sera 
were found positive. The multivalent reactions represent practically 
three fourths of the positive ones. A severe dengue type 2 outbreak on 
the island in 1977-1978 and the possible circulation of a Flavivirus may 
explain these data. Among the tested subjects, positivity frequencies 
vary according to their age and their living surrounding. These results 
were compared with those of a previous serosurvey performed in 1971 and 
showed an important increase in the serological prevalence largely 
explainable by the 1977-1978 epidemic. 
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94242192. PubMed ID: 8185773. Children's vaccine initiative. Anonymous. 
World health forum, (1993) Vol. 14, No. 2, pp. 202-3. Journal code: 
8010746. ISSN: 0251-2432. 

Report No.: PIP-083243; POP-00223785 . Pub. country: Switzerland. Language: 
English . 

AB The Consultative Group of the Children's Vaccine Initiative (CVI) held its 
annual meeting at WHO headquarters in Geneva in November 1992. The CVI 
meeting provided evidence of solid progress in development of a 
thermostable oral poliomyelitis vaccine and a single-dose tetanus toxoid 
vaccine. Researchers were able to stabilize the vaccine for several days 
at 37 degrees Celsius; this could make a more thermostable oral 
poliomyelitis vaccine available to the public before the end of the 
decade. One research project had solved the problem of stability of 
microencapsulated tetanus toxoid at 37 degrees Celsius. Based on recent 
research, it appears that microspheres for delivery of tetanus toxoid 
vaccines (of different sizes and/or compositions) can induce long-lasting 
immunity. The Consultative Group hopes that experts will conduct the 
industrial development of these vaccines within 3 years. A comprehensive 
database of the world's capacity to produce children's vaccines is being 
compiled, and investment strategies will assure that affordable vaccines 
are available for all children of the world. For the past 13 years, WHO 
has supported research at the Mahidol University in Bangkok, Thailand, to 
develop a safe, immunogenic, live, attenuated, tetravalent vaccine 
against the 4 strains of dengue virus. Formal Phase 1 and Phase 2 
clinical trials have proved the vaccine to be safe and immunogenic in 
humans, thus bringing the Dengue Vaccine Development Project to a 
successful conclusion. Researchers are preparing to test the vaccine 
under actual field conditions for its efficacy in preventing dengue and 
dengue hemorrhagic fever among children in endemic communities. 



the Netherlands, in October 1992 adopted a World Declaration on the 
control of malaria which will serve as a blueprint for action in the 1990s 
for a partnership of malaria-endemic and malaria-free countries. 
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93381798. PubMed ID: 8371350. Dengue virus-specific human CD4 + 

T-lymphocyte responses in a recipient of an experimental live-attenuated 
dengue virus type 1 vaccine: bulk culture proliferation, clonal 
analysis, and precursor frequency determination. Green S; Kurane I; 
Edelman R; Tacket C O; Eckels K H; Vaughn D W; Hoke C H Jr; Ennis F A. 
(Department of Medicine, University of Massachusetts Medical Center, 
Worcester 01655. ) Journal of virology, (1993 Oct) Vol. 67, No. 10, pp. 
5962-7. Journal code: 0113724. ISSN: 0022-538X. Pub. country: United 
States. Language: English. 

AB We analyzed the CD4 + T-lymphocyte responses to dengue, West Nile, and 
yellow fever viruses 4 months after immunization of a volunteer with 
an experimental live-attenuated dengue virus type 1 vaccine (DEN-1 
45AZ5) . We examined bulk culture proliferation to noninfectious antigens, 
determined the precursor frequency of specific CD4+ T cells by limiting 
dilution, and established and analyzed CD4+ T-cell clones. Bulk culture 
proliferation was predominantly dengue virus type 1 specific with a 
lesser degree of cross-reactive responses to other dengue virus 
serotypes, West Nile virus, and yellow fever virus. Precursor 
frequency determination by limiting dilution in the presence of 
noninfectious dengue virus antigens revealed a frequency of 
antigen-reactive cells of 1 in 1,686 peripheral blood mononuclear cells 
(PBMC) for dengue virus type 1, 1 in 9,87 0 PBMC for dengue virus type 
3, 1 in 14,053 PBMC for dengue virus type 2, and 1 in 17,690 PBMC for 
dengue virus type 4. Seventeen CD4+ T-cell clones were then established 
by using infectious dengue virus type 1 as antigen. Two patterns of 
dengue virus specificity were found in these clones. Thirteen clones 
were dengue virus type 1 specific, and four clones recognized both 
dengue virus types 1 and 3. Analysis of human leukocyte antigen (HLA) 
restriction revealed that five clones are HLA-DRw52 restricted, one clone 
is HLA-DP3 restricted, and one clone is HLA-DP4 restricted. These results 
indicate that in this individual, the CD4 + T-lymphocyte responses to 
immunization with live-attenuated dengue virus type 1 vaccine are 
predominantly serotype specific and suggest that a multivalent vaccine 
may be necessary to elicit strong serotype-cross-reactive CD4+ 
T-lymphocyte responses in such individuals. 
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91171791. PubMed ID: 2077321. [40 cases of dengue (serotype 3) occurring 
in a military camp during an epidemic in New Caledonia (1989) . The value 
of vector control]. A propos de 4 0 cas de dengue (serotype 3) survenus 
dans un camp militaire lors de I'epidemie de Nouvelle-Caledonie (1989). 
Interet de la lutte antivectorielle . Berard H; Laille M. (Medecin des 
Armees, Noumea (Nouvelle-Caledonie). ) Medecine tropicale : revue du Corps 
de sante colonial, (1990 Oct-Dec) Vol. 50, No. 4, pp. 423-8. Journal 
code: 8710146. ISSN: 0025-682X. Pub. country: France. Language: French. 

AB An epidemic of dengue occurred at the beginning of 1989 in New 

Caledonia. About 18 p.c. of the population was stricken (25,000 to 30,000 
estimated clinical cases). The military camp of Plum was stricken too, 
but a prompt vector control was established. 8.6 p.c. of the strength was 
affected by classical dengue without severe hemorrhagic manifestations. 
Such prevalence is lower than the one rated in the civil population, 
demonstrating the major importance of vector control to limit spreading of 
such an epidemic as a tetravalent vaccine is not yet available. 
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1-34 (canceled) IS-S^} 

/ 35. (previously presented) An isolated nucleic acid compromising a transcriptional unit for 
< l^Jtt^'W^ X ~ ' 

u an i mmuno genic fl avi vi rus antigen, wherein the transcriptional unit directs a host cell, after being 

r \ incorporated therein, to synthesize the immunogenic antigen, and wherein the transcriptional unit 

^ fla comprises a prM signal sequence and a Kozak ribosomal binding sequenc e located in a position that is 

effective for ribosome binding. 

/xO 36. (previously presented) The nucleic acid of claim 35, wherein the flavivirus comprises 
,2 07 o yellow fever viru s, dengue serotype 1 virus, de ngue serotype 2 v irus, de ngue serotype 3 viru s, dengue 
~* serotype 4 virus, St. Louis^encepjhalitis virus . Japanese encephalitis virus , or a mixture of two or more 

^tf%'&> thereof. S ^ 

U °[ QflJI^ ^ (P rev * ous ly presented) The nucleic acid of claim 35, wherein the antigen is a prM/M 

protein, an E protein, or both a prM/M protein a nd an E protein. 



^ourtcjfrtfw'f 38. (previously presented) The nucleic acid of claim 37, wherein the antigen is both the 
v ^* ti ** a * J ^~ prM/M protein and the E protein and wherein the host cell secretes subviraLpaific les comprising the 
Uo/v*Po H r ft9 ^rM/M protein and the E protein. kj^s^ar / 

39. (previously presented) The nucleic acid of claim 35 which is DNA. 

prM ^ 

^32=^*0^ Sft£Wf^fc$[; (previously presented) The nucleic acid of claim 35, wherein the transcriptional unit 

further comprises a control sequence disposed appropriately such that it operably controls synthesis of 
the antigen. 

5 jftoirriyv^ p *^^^^ rev j ous iy presented) TTje nucleic acid of claim 40^ wherein the control sequence is 
the cytomegalovirus immediate early promote r. 
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42. (previously presental) The nucleic acid of claim 35^ wherein the transcriptional unit 
further comprises a poly- A terminator . 

43. (previously presented) A cell comprising the nucleic acid of claim 35. 

44. (previously presented) The cell of claim 43, wherein the flavivirus comprises yellow 
fever virus, dengue serotype 1 virus, dengue serotype 2 virus, dengue serotype 3 virus, dengue 
serotype 4 virus, St. Louis encephalitis virus, Japanese encephalitis virus, or a mixture of two or more 
thereof. 

45. (previously presented) The cell of claim 43, wherein the flavivirus antigen is a prM/M 
protein, an E protein, or both a prM/M protein and an E protein. 

^46. (previously presented) The cell of claim 45, wherein the antigen is both the prM/M 
protein and the E protein and wherein the cell secretes subviral particles comprising the prM/M protein 
and E protein. - 

47. (previously presented) A composition comprising the nucleic aci d of claim 35^ in a 
pharmaceutically acceptable carri er. 

48. (previously presented) The composition of claim 47, wherein the flavivirus comprises 
yellow fever virus, dengue serotype 1 virus, dengue serotype 2 virus, dengue serotype 3 virus, dengue 
serotype 4 virus, St. Louis encephalitis virus, Japanese encephalitis virus, or a mixture of two or more 
thereof. 

49. (previously presented) The composition of claim 47, wherein the antigen is a prM/M 
protein, an E protein, or both a prM/M protein and an E protein. 

50. (previously presented) The composition of claim 49, wherein the antigen is both the 
prM/M protein and the E protein and wherein the cell secretes subvixaUjarticles comprising the prM/M 
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protein and the E protein. 

51. (previously presented) The composition of claim 47, wherein the nucleic acid is DNA. 

52. (previously presented) The composition of claim 47, wherein the transcriptional unit 
further comprises a control sequence disposed appropriately such that it operably controls synthesis of 
the antigen. 

53. (previously presented) The composition of claim 52, wherein the control sequence is 
the cy tomegalovirus immediate early promo ter. 

54. (previously presented) The composition of claim 47, wherein the transcriptional unit 
further comprises a p oly-A termina tor. 

55 - 68 (canceled) 

69. (previously presented) The nucleic acid of claim 35, wherein the Kozak ribosomal 
binding sequence is located from positions -9 to +4 in the transcriptional unit. 



70 -86 (canceled) 



Page 4 of 7 



lerbaUon 
rympho- 
tntibody* 
i dengue 
)6; 58 : 

5 A. Lysis 
lira! celK 
rpendent 
84; 52: 



ANALYSIS OF JAPANESE ENCEPHALITIS (JE) VIRUS GENOME AND 
IMPLICATIONS FOR RECOMBINANT JE VACCINE 

K Yasul 1 , M Miyamoto 1 , J Kimura-Kuroda 1 , A Yasuda 2 , Y Matsuura 3 , T Sato 2 , A Kojlma 3 

and H Kubonoya 4 

^Department of Microbiology, Tokyo Metropolitan Institute for Neurosdences, Musashldai, Fuchu, 
Tokyo, biological Science Laboratory, Nippon Zeon, Kawasaki, 3 NatIonal Institute of Health, 
Tokyo, 4 Chtba Serum Institute, Chlba, Japan. 
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Abstract. From the Information of nucleotide sequences and deduced amino add sequences of 
flaviviruses Including JEV, we can postulate processing mechanisms of a polyprotein translated from 
single long open reading frame of the genome and mechanisms of construction of antigenic 
structures of structural proteins with biologically active forms after these proteins are translated. 

The results of comparative analysis of amino add sequences among flaviviruses and epitope 
analysts on the E proteins which are the most important antigens for protective immunity suggest 
that the £ protein of flaviviruses may have a similar structure closely related to each other. 

PrM and E proteins which had predictable signal sequences upstream on the N terminals were 
expressed with antigenicaDy active form and molecular size the same as the authentic ones by the 
recombinant viruses. However, the recombinant viruses which had no such signal sequence ex* 
pressed unprocessed proteins with antlgenlcaDy denatured forms. These results suggest that normal 
proteolytic processing is needed to construct biologically active structures of JEV structural pro- 
teins. 

The E proteins which were expressed by the recombinant viruses as antigenically active form 
could elicit nutralWng and HI antibodies In animals and protective Immunity In mice.The recombinant 
vaccinia viruses which express the E protein could induce strong immunologic memory against the 
E protein In mice. These results Indicate that the development of a new type of vaccine against JEV 
will become possible In future. 
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INTRODUCTION 

Japanese encephalitis virus (JEV) Is the most 
Important mosquito-borne human pathogen 
causing encephalitis In southeastern and far 
eastern Asia* It has recently extended its range 
westward into India. JEV belongs to the family 
FlauhMdae which contains more than 60 anti- 
genically related viruses having a single mole- 
cule of plus-sense RNA genome (Westaway er 
of, 1985). The flavivirus RNA consists of about 
1 1 ,000 nucleotides which encodes a single long 
open reading frame (Rice et til, 1985).. It Is 
thought to be translated to a long polyprotein 
which is subsequently cleaved into three struc- 
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tural proteins, designated C M and E proteins, 
and several nonstructural proteins. 

An effective Inactivated JEV vacdne has 
been used for over 2 decades In Japan, Taiwan, 
and Korea, and JE has been considerably well 
. controlled In these countries (Oya, 1988). in the 
endemic areas, however, JE Is still a serious 
problem for humans and cattle; these areas 
have other flavivirus diseases too, and a safe, 
effective vacdne Is needed. The posslbllty that 
the Immunity against one kind of flavivirus 
produces crucial effects on another flavivirus 
Infection has been considered. The develop- 
ment of a new vacdne may be made possible by 
understanding of the mechanism of protection 
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against the flavlvlruses. In flavivlroses, the E 
protein appears to play an Important role In 
Inducing protective Immunity against flavivirus 
Infection In animals as well as humans (Russell et 
of, 1980.) Previous studies have suggested that 
the E protein of JEV possesses three different 
kinds of antigenic determinants based on Its 
cross-reactivity with flavlvlruses; they are 
cross-reactive, subgroup specific, and serotype 
specific Monoclonal antibodies to the E glyco- 
protein have been characterized (Kimura- Ku» 
roda and Yasul, 1983) and divided Into nine 
groups (Klmura-Kuroda and Yasul, 1986; 
Klmura-Kuroda and Yasul, 1988) based on he- 
magglutination Inhibition (HI), neutralization, 
and reactivity to virions. These findings suggest 
that expression of the E protein of JEV in a 
biologically active form may be most conductive 
to the development of a new JE vaccine. 

JEV GENOME STRUCTURE 

The nucleotide sequences of many members 
of flavlviridae have been reported since that of 
the yellow fever virus was determined firstly by 
Rice et of (1985). The first report of complete 
nucleotide sequence of JEV was done by 
Sumlyoshl et of (1987). JEV genome of a 
typical strain is composed of 10976 nucleotides 
which encodes a single long open reading frame 
of 10296 nucleotides corresponding 3432 
amino add residues. This long polypeptide Is 
" thought to be cleaved co-transtatlonaDy Into 
three structural proteins and 7 nonstructural 
proteins. The Junctions between C and prM, M 
and E, E and NS1, and ns4a and ns4b are 
supposed to be cleaved by cellular signalase. 
The Junction between NSI and ns2a may be 
cleaved by ns2a inads manner. The possibility 
Is postuated that the Junctions between ns2a 
and ns2b, ns2b and NS3, NS3 and ns4a, and 
ns4b and NS5 are cleaved by NS3 in a ds 
manner* Mature virion has C, M, and E pro- 
teins. So, the prM protein may be cleaved to 
M during maturatlonal morphogenesis of the 
virion (Fig 1). The nucleotide and deduced 
amino acid sequences of several strains of 
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JEV have been compared each other and are 
highly conserved. 

The nucleotide sequences of Pestfirfrus have 
been recently reported (CoDet et of, 1988), and 
now we also know the nucleotide sequence of 
the entire coding region of nonA, nonB hepatitis 
virus, that Is HCV. These two viruses have a 
phis sense RNA for the genomes and a single 
long open reading frame the same as that of 
flavlvlruses. Hydrophoblctty profiles of struc- 
tural and nonstructural proteins of these three 
viruses resemble each other. Homology of 
amino add sequences among these viruses are 
scarcely observed, however, we can find 7 ho- 
mology boxes of amino add sequence In NS3 
region and 2 homology boxes In NS5 region . 
among these 3 viruses. So, we will have to 
classify these 3 viruses into the same family. 

JEV E PROTEIN STRUCTURE 

The E protein of flavlvlruses plays ah im- 
portant role in inducing protective immunity, 
against flavivirus Infection. The development of 
a new vaccine may be made possible by un- 
derstanding of the E protein structure. 

Nine groups of epitopes on the E protein of 
JEV have been defined with monoclonal anti- 
bodies and characterized based on HI, neutrali- 
zation, reactivity to virions, and competitive 
binding with each other to virions (Kimura- 
Kuroda and Yasul, 1983; Klmura-Kuroda 
and Yasui, 1986; Klmura-Kuroda and Yasul, 
1988). Antibodies against these epitopes 
show different cross-reactlvltles with flavl- 
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vlruses: they are flavivlrus cross-reactive, 
subgroup virus specific, serotype specific, and 
strain specific 

Basic structures of the E protein of flavivi- 
ruses may resemble each other, because there 
are 3 highly conserved areas of amino acid 
sequence and almost at] cysteine residues and 
many proline residues are well conserved 
among flavivtruses. Homologies of amino add 
sequence among the JEV subgroup viruses 
causing encephalitis are very high. Homology 
between JEV and Murray valley encephalitis 
virus Is more than 80% ami homology between 
JEV and St Louis encephalitis virus, which 
shows lowest homology in the JEV subgroup 
Is nevertheless about 71%. However, homo- . 
logles between JEV and dengue viruses are 
about 45%. Detailed structures of dengue virus 
E proteins may differ from that of JEV. 

These data were confirmed by the results of 
homology relationships of the epitopes among 
flavtviruses based on cross-reactivities of mo- 



noclonal antibodies. All subgroup reactive mo- 
noclonal antibodies against same group epitope 
cross-reacted with Murray vallay encephalitis 
virus, however, few antibodies among them 
reacted with St Louts encephalitis virus. Table 1 
Is a summary of epitopes on the E protein of 
JEV. Those epitope groups shown In Table 1 
are arranged according to topographical rela- 
tionships with each other from the results of 
competitive binding analysts of the monoclonal 
antibodies. The area constructed with group 8 
epitopes showed high neutralizing activity and 
neighboring epitopes on the E protein have 
virus species specific characters. 

Characteristic hydrophobic domains are ob- 
served at the C terminal ends of the E and M 
proteins by hydrophoblcity analysis of the 
amino add sequences of these proteins. The E 
and M proteins may be anchored to the envel- 
ope of the virion with these C terminal hydro* 
phobic domains. Many cysteine residues duster 
at the N terminal half of the E protein and many 



Table 1 

Summary of epitopes on the E protein of JEV. 



J 


Epitopes . 


Biological functions against 


Cross-reactivity** 


1 


recognteed by 




JEV* 




J 


MAb group 1 


HI++ 


N - 


PA + 


Flavivirus cross-reactive 




2 


H!+ + 


N - 


PA + 


Subgroup reactive 




3 


HI - 


N + 


PA++ 


JEV specific, strain specific 


• 


8 


HI - 


N +++ 


PA+++ 


JEV specific 




7 


ro++ 


N+ + 


PA++ 


Subgroup reactive 




6 


HI - 


N - 


PA - 


Subgroup reactive 


• 


5 


HI - 


N + 


PA + 


Subgroup reactive 




4 


HI - 


N + 


PA- 


Subgroup reactive 




9 


HI - 


N - 


PA- 


Flavivirus cross-reactive 


i 


<S1) 


HI- 


N - 


NT 


Strain specific 


(S2) 


NT 


N + 


NT 


Strain specific 



HI «■ hemagglutination inhibition, N » neutralizing activity, PA « protective activity against JEV 
infection on mice, NT » not tested. 

Oc**reactlvities were determined against yellow fever, dengue (types 1, 2. 3 and 4} and JEV subgroup 
(Murray valley encephalitis. West Nile and St Louis encephalitis) viruses. 
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proline residues cluster at the C terminal half. 
These findings, Including those of the epitope 
analysis, suggest that expression of the E pro- 
tein of JEV In a biologically active form may be 
most conducive to the development of a new JE 
vaccine. 

EXPRESSION OF THE STRUCTURAL 
PROTEIN E 

In order to investigate the relationship be- 
tween processing and construction of antigenic 
structure on the structural proteins, we made 
recombinant bacub and vaccinia viruses con- 
taining the coding sequences of structural pro- 
teins and analysed the "expressed proteins. The 
prM,E,andNSl proteins have signal sequences 
upstream from the coding sequence of each 
protein, respectively. We made several different 
constructs which had or did not have a signal 
sequence upstream from the coding sequence of 
each protein or had truncated structural protein 
genes. The polyhedrin promoter of Autographa 
California* polyhedrosls virus was used and 
recombinant baculoviruses were selected from 
the virus plaques after DNAs of the virus and 
transfer vector containing the JEV sequence 
'were co-transfected Into Spodoptera furugtper- 
da cells (Matsuura et a!, 198% To make recom- 
binant vaccinia viruses, the coding sequences 
of JEV structural proteins were Inserted down- 
stream at the 7.5K promoter of the transfer 
vector and recomblned at the TK region of 
vacdnla virus (Yasuda et of, 1990). 

The proteins expressed by the recombinant 
viruses were analysed by immunopredpitation, 
Western blotting, Immunofluorescent antibody, 
fluorescence-activated flow cytometry and 
ELISA methods. Antigenic properties of the 
proteins expressed by the recombinant viruses 
were evaluated using a panel of monoclonal 
antibodies and several kinds of antlsera. Similar 
results were obtained for recombinant bacub- 
viruses and vaccinia viruses. The JEV proteins 
expressed by the recombinants could be de- 
tected in aD cases with mouse antisera against 
JEV-Infected mouse brain homogenate dena- 
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tured with SDS or antibody against SDS- 
denatured E protein. However, with antibody 
against native JEV or monoclonal antibodies 
against native E protein, only the antigens ex- 
pressed by the recombinants which had the 
signal sequence upstream were detected. And 
these antigens were processed considerably. 
The E proteins were also detected on the cell 
surfaces of the well processed cases which were 
Infected by the recombinants with the signal 
sequence (Fig 2). These results show that pro- 
cessing of the expressed proteins, construction 
of the native antigenic structures and expression 
of the antigens on the Infected cell surface pro* 
ceed in parallel. Concerning epitope expression 
of the E, both protective epitopes, groups 8 and 
7, were considerably expressed by the re* 



5 



i 


1 


B 


A 


C J 





Fig 2-Fhiorescence-acUvated flow cytometric ana- 
lysis of JEV antigens on Vero cell surfaces 
infected with vacdnla virus LC16mO (A and. 
D), JEV (B and E), or recombinant vaccinia 
vims J6 (C and F). Virus-Infected cells were 
reacted with antKJEV serum (A to Q or 
monoclonal antibody N.04 (D to F) p Incubated 
with a fluorescein conjugated goat anti-rabbit 
or antl-»mouse secondary antibody, and ana- 
lysed on an Epics PROFILE flow cytometer. E 
protein was also expressed on the recom- 
binant virus infected cell surface as same as 
JEV Infected cells. 
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comblnants which had a signal sequence, how* 
ever the group 7 epitope was better expressed 
than the group 8 epitope which was the most 
potent JEV specific protective epitope. The 
group 8 epitope may be a discontinuous epitope 
which may be constructed with amino adds at 
or near the N terminal region and in the middle 
part of the C terminal half of the E protein. 



WMUNOGENICITY OF THE E PROTEIN 
PRODUCED BY THE RECOMBINANTS 

ImmunogenlciUes of the E proteins produced 
by the recombinant viruses were examined E 
protein concentrated from the culture superna- 
tant of the recombinant haculovirus infected 
cells by uhracentrlfugation or the recombinant 
baculovlrus infected cells were Injected into 
mice with complete Freund's adjuvant 2 times. 
A week after the last inoculation, sera collected 
from the mice were assayed for neutralizing and 
HI activity. The E protein expressed by the 
recombinant baculovlrus which contained M 
and E coding regions of the JEV genome could 
elicit significant neutralizing and HI antibodies in 
the mice (Table 2). 

Rabbits were vaccinated Intradermal^ with 
the recombinant vaccinia virus which had prM 



and E coding region with signal sequences and 
the antibodies In the sera were titrated. HI and 
neutralizing antibody activities against JEV rap- 
idly increased In the serum of the vaccinated 
rabbits and continued over 3 months. Four 
week old C3H/He Inbred mice were vaccinated 
with the recombinant vaccinia virus or parent 
non recombinant virus to analyze Induction of 
protective Immunity by vaccination with the 
recombinant. Two weeks after the vaccination 
mice were challenged with 300PFU of JEV in- 
travenously. Mice vaccinated with the recombi- 
nant virus could escape death by JEV encepha- 
litis completely, le vaccination with the re- 
combinant vaccinia virus could Induce pro- 
tective Immunity In mice (Table 3). 

We examined Induction of Immunologic 
memory against JEV with the recombinant 
vaccinia virus in mice. Mice were vaccinated 
with the recombinant vaccinia viruses which 
had prM and E, or C, prM, E and NS1 genomes 
with signal sequences, respectively, by tall sca- 
rification or by Injection of Inactivated JEV 
vaccine into the Intraperitoneal cavity. After 2 
weeks, mice were divided Into 2 groups. One 
group of mice were bled and neutralizing anti- 
body In the sera was titrated and another group 
of mice were boosted by inactivated JEV vac- 
cine In the Intraperitoneal cavity. After a week, 



Table 2 

Antibody responses of mice immunized with the E protein expressed by the recombinant 

baculovlrus. 



Immunized with* Antibody titer 



HI PRNT0og lo ) 



JE4 recombinant culture fluid 


40 


1.98 


• JE4 recombinant culture cells 


40 


1.80 


Baculovlrus culture fluid 


<4 


<0.6 


Baculovlrus culture cells 


<4 


<0.6 


Mouse brain Inactivated vaccine 


128 


2.50 



• JE4 ° recombinant baculovlrus containing M and E coding sequence of JEV. 
- Hi » hemagglutination Inhibition; PRNT - plaque reduction neutralizing antibody titer. 
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Table 3 

Protection of mice against challenge with JEV after vaccination with recombinant vaccinia virus 

WRJ6. 



Vaccination 


No. of mice that 
survived/no. tested 


% 

Survival 


Geometric mean 
neutralization antibody 
titer (log 10 )* 


None 


2/10 


20 


< 0.6 


WR 


2/10 


20 


< 0.6 


WRJ6 


11/11 


100 


2.2 



WR 8 wild-type vaccinia virus, WRJ6 = recombinant vacdnJa virus containing prM and E coding regions 

of JEV genome with signal sequence upstream. 
* tiler of plaque reduction neutralization antibody on the challenge day. 

Table 4 

Antibody responses of mice vaccinated with the recombinant vaccinia viruses. 



Vaccinated with* 


Route** 


Boosted by 


Antibody titer 
PRNT (log 10 )'~ 


WRJ6 


Tail 




1.65 




i.p. 


Vaccine 


3.57 


WRJ10 


Tall 




0.9 




i.p. 


Vaccine 


3.80 


Vaccine 


I-P- - 




0.8 




l.p. 


Vaccine 


2.60 



* WRJ6 = recombinant vacdnla virus containing prM and E genome of JEV with signal sequence upstream, 
WRJ10 = recombinant vaccinia virus containing C, prM, E and NS1 coding sequences of JEV;tnactlvated 
JEV vaccine prepared from infected mouse brain. 

- Tall « tail scarification method, i.p.o intraperitoneal cavity. 
PRNT = plaque reduction neutrarization antibody titer. 



Ktmi 



Klmt 



Klmt 



Matst 



Oya. 



neutralizing antibodies In the sera of the boosted 
mice were titrated. The mice vaccinated with 
the recombinant viruses produced significant 
amounts of neutralizing antibody. When the 
mice were boosted by inactivated JEV vacdne, 
the production of neutralizing antibody in the 
mice vaccinated with the recombinants was 
greatly enhanced. Those titers were 10 times or 
more higher than that of the mice vaccinated 

668 



and boosted with inactivated JEV vaccine alone 
(Table 4). These results indicate that the re- 
combinant vaccinia viruses can Induce strong 
Immunologic memory In mice. 
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DNA VACCINES AGAINST TICK-BORNE 
FLAVIVIRUSES 

This application claims the benefit of priority under 35 
U.S.C. 119(e) of provisional application Ser. No. 60/065,750 
filed on Nov. 20, 1997. 

Tick-borne encephalitis (TBE) occurs over a wide area of 
Europe and the former Soviet Union. TBE is most frequently 
caused by infection with the fl a vi viruses Central European 
encephalitis (CEE) virus, or Russian spring summer 
encephalitis (RSSE) virus. These viruses are antigenically 
and genetically closely related to one another and often are 
considered to be subtypes of the same virus. However, two 
different tick vectors transmit RSSE and CEE viruses 
(Ixodes persulcatus and Ixodes ricinus, respectively) and 
RSSE virus generally causes a more severe disease than 
does CEE virus (reviewed in Monath, T. R and F. X. Heinz, 
1996, In B. N. Fields et al. (eds.) Fields Virology, Third 
Edition, Lippincott-Raven Publishers: Philadelphia, p. 961). 

In parts of Europe, TBE cases have notably declined 
since the introduction in 1976 of a formalin-inactivated, 
chick embryo-derived vaccine. The vaccine is based on an 
Austrian strain of CEE virus, and elicited protective immu- 
nity in mice to the homologous CEE virus (strain Hypr) and 
to four strains of RSSE virus (Holzmann, H. et al., 1992, 
Vaccine, 10, 345). Despite the success of this vaccine, it 
suffers the disadvantages commonly associated with inacti- 
vated virus vaccines such as the requirement for large-scale 
production and purification of a highly infectious human 
pathogen, the risk of incomplete inactivation of the virus, 
and the need to deliver the vaccine with adjuvant in a 
three-shot series (Kunz, C. F. et al., 1980, J. Med Virol 6, 
103). Also, this vaccine is not licensed for use in U.S. 
military personnel nor in U.S. travelers to TBE-endemic 
regions. 

For these reasons, there is a need for an improved TBE 
vaccine. 

SUMMARY OF THE INVENTION 

The present invention satisfies the need discussed above. 
In this report, we describe two plasmid-based TBE candidate 
vaccines, which express the premembrane (prM) and enve- 
lope (E) genes of RSSE or CEE viruses under control of a 
cytomegalovirus early promoter. We chose the prM and E 
genes for expression because of earlier reports with other 
flavi viruses which indicated that coexpressed prM and E 
form subviral particles that are able to elicit neutralizing and 
protective immune responses in animals (Konishi, E. and P. 
W. Mason, 1993, J. ViroL 67: 1672; Konishi, E. et al., 1992, 
Virology 190:454; Pincus, S. et al., 1992, Virology 187: 290). 
Coexpression of prM and E of CEE virus also produces 
subviral particles, and although these particles were not 
tested for immunogenicity, they were found to retain bio- 
logical properties of complete virus such as membrane 
fusion and hemagglutination (Schalich, J. et al., 1996, J. 
Virol 70:4549). 

To deliver our DNA vaccines, we chose to use the 
PowderJect-XR™ gene gun device described in WO 
95/19799, Jul. 17, 1995. This instrument, which delivers 
DNA-coated gold beads directly into epidermal cells by 
high-velocity particle bombardment, was shown to more 
efficiently induce both humoral and cell-mediated immune 
responses, with smaller quantities of DNA, than inoculation 
of the same DNAs by other parenteral routes (Eisenbraun, 
M. et al., 1993, DNA Cell Biol 12: 791; Fynan, E. F. et al., 
1993, Proc. Natl Acad, Sci. USA. 90: 11478; Haynes, J. R. 
et al., 1994, AIDS Res. Hum, Retroviruses 10: Suppl. 2:S43; 
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Pertmer, T M. et al., 1995, Vaccine 13: 1427). Epidermal 
inoculation of the DNA candidate vaccines also offers the 
advantages of gene expression in an immunologically active 
tissue that is generally exfoliated within 15 to 30 days, and 

5 which is an important natural focus of viral replication after 
tick-bite (Bos, J. D., 1997, CUn. Exp. Immunol 107 Suppl. 
1:3; Labuda, M. et al., 1996, Virology 219:357; 
Rambukkana, A et al., 1995, Lab. Invest. 73:521; Stingl, G., 
1993, Recent Results Cancer Res. 128:45). In this applica- 
tion we describe the elicitation of cross-protective immunity 
to RSSE and CEE viruses by DNA vaccines. 

Therefore, the present invention relates to a method for 
eliciting in an individual an immune response against an 
alphavirus which causes tick-borne encephalitis comprising 
delivering to the individual a DNA vaccine comprising a 
vector including a viral antigen such that when the antigen 
is introduced into a cell from the individual, the DNA is 
expressed, the viral antigen is produced in the cell and an 
immune response against the antigen is mounted. 

^ In one aspect of the invention, the DNA vaccine is 
delivered by coating a small carrier particle with the DNA 
vaccine and delivering the DNA-coated particle into an 
animal's epidermal tissue via particle bombardment. This 
method may be adapted for delivery to either epidermal or 

25 mucosal tissue, or delivery into peripheral blood cells, and 
thus may be used to induce humoral, cell-mediated, and 
secretory immune reponses in the vaccinated individual. 

The DNA vaccine according to the present invention is 
inherently safe, is not painful to administer, and should not 

30 result in adverse side effects to the vaccinated individual. In 
addition, the invention does not require growth or use of 
tick-borne flavi virus, which may be spread by aerosol trans- 
mission and are typically fatal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 These and other features, aspects, and advantages of the 
present invention will become better understood with refer- 
ence to the following description, appended claims, and 
accompanying drawings where: 

^ FIG. 1. Schematic of pWRG7077 containing prM and E 
genes of RSSE and CEE viruses which were amplified by 
RT-PCR and cloned into Not! and Bam HI sites of 
pWRG7077 (PowderJect Vaccines, Inc., Madison, Wise.). 
Characteristics of pWRG7077 are similar to those of 

45 pWRG1602 described previously (Dimmock, N. J., 1995, 
Med Virol 5: 165) and include a human cytomegalovirus 
early promoter (CMV IE promoter) and intron A, a bovine 
growth hormone transcription terminator and polyadenyla- 
tion signal (BGH pA), and a kanamycin resistance gene. 

5q FIG. 2. Transient expression of naked DNA plasmids in 
COS cells. Plasmids containing the RSSE or CEE prM and 
E genes or plasmids with no inserted gene (Q were trans- 
fected into COS cells and expression products were immune 
precipitated with antibodies to RSSE or CEE viruses. Prod- 

55 ucts were analyzed by PAGE and autoradiography. The 
positions of E, prM and uncleaved prM and E are indicated. 
The sizes (kD) of molecular weight markers (M) are shown. 

FIGS. 3A and B. Antibody responses of mice to naked 
DNA vaccines as detected by ELISA. 

60 A Mice were immunized two times, 4 wk apart, with 1 
/ig/dose of pJW4303 expressing the prM and E genes of 
RSSE. ELISA was performed on RSSE antigen-coated 
plates using sera collected just before the second immuni- 
zation (1 vacc) or 4 wk after the second immunization (2 

65 vacc). 

B. Mice were immunized once with 1 fig of pJW4303 
expressing the RSSE prM and E genes and, 4 wk later, were 
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immunized once with 1 /*g of pWRG7077 expressing the This vaccine approach is advantageous over subunit vac- 

RSSE prM and E genes. ELISA was performed on RSSE or cines which do not elicit a cytotoxic response necessary to 

CEE antigen-coated plates using sera collected 4 wk after prevent the establishment of infection or disease. Also, this 

the second immunization. Controls for each experiment DNA vaccine approach allows delivery to mucosal tissues 

were comparable plasmids with no gene insert. 5 which may aid in conferring resistance to viral introduction 

FIGS. 4A, B and C. ELISA titers to RSSE and CEE of since entry of the virus may be through mucosal tissues, 

mice immunized with RSSE (FIG. 4A), CEE (FIG. 4B), or In order to achieve the immune response sought, a DNA 

RSSE and CEE (FIG. 4C) DNAs. Mice were immunized vaccine construct capable of causing transfected cells of the 

three times at 4-wk intervals with 0.5 ^g DN A/dose. Titers vaccinated individual to express one or more major viral 

of sera were determined 4 wk after the final immunization. 10 antigenic determinant is necessary. This can be done by 

FIGS. 5A, B and C. Plaque reduction neutralization by identifying regions of the viral genome which code for viral 

pre- and postchallenge sera of mice immunized with naked glycoproteins, and joining such coding sequences to pro- 

DNA vaccines expressing the prM and E genes of RSSE motors capable of expressing the sequences in cells of the 

(FIG. 5A), CEE (FIG. 5B) or RSSE and CEE (FIG. 5C) vaccinee. Alternatively, the viral genome itself, or parts of 

viruses. Twofold dilutions of sera from 1:20 to 1:640 were 15 me genome, can be used. 

used in PRNT with CEE virus. PRNT titers are listed as the In one embodiment, the present invention relates to a 

greatest dilution of serum which resulted in ^80% reduction DNA or cDNA segment which encodes an antigen from a 

of the number of plaques observed in controls incubated tick-borne flavivirus such as RSSE, CEE, or Langat. More 

with serum from mice vaccinated with control plasmids. specifically, prM and E genes of CEE were deduced from the 

FIGS. 6A-C. Immune precipitation of radiolabeled Lan- 20 CE£ viral genome sequence available in Genbank at acces- 

gat virus proteins with pre- (lanes 1) and postchallenge sion U39292 (Wallner, G. et al., 1996, J. Geru Virol 77, 

(lanes 2) sera from mice vaccinated with naked DNA 1035-1042) and from RSSE available in Genbank at acces- 

vaccines expressing the prM and E genes of CEE, RSSE or sion XQ3870 (Pletnev, A. G. et al., 1986, FEES Lett. 22, 

RSSE and CEE viruses. Immune precipitation products were 317-321). For CEE, this corresponds to nucleotides 

analyzed by PAGE and autoradiography. Control sera were 424-2478 (specified in SEQ ID NO:l) of the 10,835 bp 

hyperimmune mouse ascitic fluids (HMAF) to authentic genome in Genbank U39292 and the same region was 

RSSE or CEE viruses. The mouse numbers shown above amplified for RSSE, strain Sofjin, but since only a partial 

each autoradiograph correspond to those in FIG. 4 and FIG. gene sequence is available in Genbank, the region amplified 

5. corresponds to 419-2470 (specified as SEQ ID NO:2) of the 

A. Immune precipitation results obtained with pooled 30 3,697 bp sequence reported in Genbank X03870. The nucle- 
sera, except for those labeled 107 and 112, which are ptide sequences of the amplified regions are about 81% 
individually analyzed serum samples. identical. The deduced amino acid sequences are about 94% 

^ w ... , . t identical. 

B. Immune precipitation results using sera from the two _„ 4 , 

controls that survived challenge with CEE virus. 35 DNA or P° lviDUcleotlde sequences to winch the invention 

„ . .... c . . , . . also relates include fragments of prM and E containing 

C. Immune precipitation results from individual sera in „ ^- . . , f _ _ _ , £ 
inn h/tv . t\ r\\ *■ 1 i "u* j protective epitopes or antigenic determinants. PrM and E 

group 109—116. The sizes (kD) of molecular weight markers ~ . , 

j^p. v . v ' & can be delivered in noncontiguous sequences, however, it is 

im; are indicated. preferable that PrM and E be delivered together to get the 

FIGS. 7A and B. Monkey ELISA titers on RSSE (FIG. best results in terms of folding of the proteins and assurance 

7A) and CEE (FIG. 7B) antigen after three immunizations. that both proteins are expressed in the same cells. 

DETAILED DESCRIPTION Th e derived sequence is not necessarily physically 

derived from the nucleotide sequence shown in SEQ ID 

In this application is described a composition and method NO:l or SEQ ID NO:2, but may be generated in any manner, 
for the vaccination of individuals against tick-borne 45 including for example, chemical synthesis or DNA replica- 
encephalitis. The method comprises delivery of a DNA tion or reverse transcription or transcription, which are based 
encoding an antigen to cells of an individual such that the on the information provided by the sequence bases in the 
antigen is expressed in the cell and an immune response is region(s) from which the polynucleotide is derived. In 
induced in the individual. addition, combinations of regions corresponding to that of 

DNA vaccination mirnicks the de novo antigen produc- 50 & c designated sequence may be modified in ways known in 

tion and MHC class I -restricted antigen presentation obtain- the art to be consistent with an intended use. The sequences 

able with live vaccines, without the risks of pathogenic °f tDC present invention can be used in diagnostic assays 

infection. DNA vaccination involves administering antigen- such as hybridization assays and polymerase chain reaction 

encoding polynucleotides in vivo to induce the production of (PCR) assays for the detection of TBE. 

a correctly folded antigen(s) within the target cells. The 55 The exemplified fragments were obtained using reverse 

introduction of the DNA vaccine will cause to be expressed transcription and PCR amplification of a portion of genomic 

within those cells the structural protein determinants asso- RNA using specific oligonucleotide primers designed to 

dated with the pathogen protein or proteins. The processed correspond to sequences previously reported for CEE and 

structural proteins will be displayed on the cellular surface RSSE viruses (Genbank U39292, X03870, respectively), 

of the transfected cells in conjunction with the Major 60 For the forward primers, nucleotides were modified around 

Histocompatibility Complex (HMC) antigens of the normal the translation initiation codon (bold type below) to generate 

cell. Even when cell-mediated immunity is not the primary sequences with a favorable context for translation initiation 

means of preventing infection, it is likely important for (Kozak, M., 1989,7. Cell. Biol 108:229). The forward and 

resolving established infections. Furthermore, the structural reverse primers for RSSE were: 5*GCAGTAGACAG- 

proteins released by the expressing transfected cells can also 65 GArGGGTItjGTTGS' (SEQ ID NO:3) and 5'GCACAGC- 

be picked up by antigen-presenting cells to trigger systemic CAACTTAAGCTCCCACTCCy (SEQ ID NO:4). The for- 

humoral antibody responses. ward and reverse primers for CEE virus were: 
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S'GCGACGGACAGGArGGGCTGGTTGCrAGS 1 (SEQ described recombinant DNA construct. The host cell can be 

ID N0:5), and 5 'CACAGCGCAGCCAACTTACG C- prokaryotic such as Bacillus or E. colt, or eukaryotic such a 

CCCCACTCC3' (SEQ ID NO:6). Primers can include addi- Saccharomyces or Pichia, or mammalian cells or insect 

tional non-complimentary sequences that are fixed during ceHs- The vector containing the RSSE or CEE sequence is 

amplification to facilitate subsequent cloning. 5 expressed in the bacteria and the expressed product used for 

It is understood in the art that certain changes to the ° r f * W ^ W< f? 

t , , - ~ . . Mamatis et aL, 1985 Molecular Cloning: A Laboratory 

nucleotide sequence employed in a genetic construct have . * „. . . „ * kT / 

i «i * *u . * j j u »u * . Manual or DAM Cloning, \fol. I and II (D. N. Glover, ed., 

httle or no bearing on the proteins encoded by the construct. . _ . . . * 4 . . ™ \ XT A ' * 

Such changes reLt either from silent point mutations or ^ for a?"™ 1 cXo ^ mQ ^: P"^™ ™ 

point mutations that encode different amino acids that do not w * P™«* in the vector operably linked to a highly purified 

appreciably alter the behavior of the encoded protein. It is *G "otad^ an aojuvant a earner, or an agent for aid m 

also understood that portions of the coding region can be f un1 ™^ ° f ^ ° T CE ^ proteins. Hie transformed or 

i - * a *k» „u;r*„ «r ,u , # „ transfected host cells can be used as a source of DNA 

eliminated without affecting the ability of the construct to , . , . „™ , . A , . 

« j • , rr * r sequences described above. When the recombinant molecule 

achieve the desired effect, namely induction of a protective TV 1 c c , , , 

. ~\. , , a • • i_ ii i* i« takes me form of an expression system, me transformed or 

immune response against tick-borne flavmrus challenge. It 15 A _ c ^ , „ , F , J * r . 

* -*u ^ ♦ j * ,u »u ♦ * , , transfected cells can be used as a source of the pro tern 

is further understood m the art that certain advantageous , , . A , „ VI » _ . T . . , . r , 

, . , . - ^. . . . - , , encoded by the DNA The DNA can be used as circular or 

steps can be taken to increase the antigenicity of an encoded /. . , . , 

T- . . J „ , linear, or linearized plasmid as long as the CEE and RSSE 

protein by modifying its ammo acid composition. Such r\ t . b , . , 

, - j ... , . , * , . sequences are operably linked to a promoter which can be 

changes m amino acid composition can be introduced by ^ , . .. 7 I . •, 

... r * « . „ - on expressed m the transfected cell, 

modifying the genetic sequence encoding the protein. It is 20 . . . , . 

contemplated that all such modifications and variations of . In ^venton the DNA vaccine is transferred 

the tick-borne flavivirus glycoprotein genes are equivalents B,to .* B suscepdble individual by means of an accelerated 

within the scope of the present invention. S ene transfer svstem - ^ e technique of accelerated 

„ ■ . , particles gene delivery is based on the coating of DNA to be 

The DNA encoding the desired antigen can be introduced dt]ivcTed mto ^ onto extreme l y small carrier particles, 

mto the cell in any suitable form mcluchng, a linearized which afe desi d to ^ small ^ rclation to me ^ 

plasmid, acircular plasmid, a pla^d capable of rephcaUon, to be by me procesSt DNA sequence 

an episome, RNA, etc. Preferably the gene ^contained m the desired geiie can simply dried onto a small 

a plasmid. In a particularly preferred embodiment, the ^ ^ m ^ ^ made of mert material 

plasmid is an expression vector. Individual expression vec- sllch ^ an ^ metal feoldj ^ latimun> etc ) 

tors capable of expiring the geneUc material can be Qr ^ (polystyrene, polypropylene, polycarbonate, 

produced using standard recombinant techniques. etc.). PreferablyTthe particle is made of golo\ platinum or 

Therefore, in another embodiment, the present invention tungsten. Most preferably the particle is made of gold, 

relates to a recombinant DNA molecule that includes a Suitably, the particle is spherical and has a diameter of 05 

vector and a DNA sequence as described above. The vector 35 to 5 microns, preferably 1 to 3 microns, 

can take the form of a plasmid such as pCRII (Invitrogen) or ^ DNA sequence containing the desired gene prepared 

pJW4303 (Komshi,E.etal., 1992, Virology 188:714), or any m me form for gene introduction can be simply 

expression vector such as viral vectors e.g. adenovirus or ^ onto naked gold or However, DNA 

Venezuelan equine encephalitis virus and others known in mo lecules in such a form may have a relatively short period 

the art. Preferably, a promoter sequence operable in the ^ of stability and may tend to degrade rather rapidly due to 

target cells is operably linked to the DNA sequence. Several cbemica i reactions with the metallic or oxide substrate of the 

such promoters are known for mammalian systems which particle itself. Thus, if the carrier particles are first coated 

may be joined 5', or upstream, of the coding sequence for the with an encapsulating agent, the DNA strands have greatly 

encoded protein to be expressed. A suitable promoter is the improved stability and do not degrade significandy even 

human cytomegalovirus immediate early promoter. A down- 4ff over a time of weeks Asuitable encapsulating 

stream transcriptional terminator, or polyadenylation agent ^ poi y i ysm e (molecular weight 200,000) which can 

sequence, such as the polyA addition sequence of the bovine be applied to me carrier particles before the DNA molecules 

growth hormone gene, may also be added 3' to the protein are applied other encapsil i ating ageil ts, polymeric or 

coding sequence. otherwise, may also be useful as similar encapsulating 

A suitable construct for use in the method of the present 50 agents, including spermidine. The polylysine is applied to 

invention is pWRG7077 (4326 bpXPowderJect Vaccines, the particles by rinsing the gold particles in a solution of 

Inc., Madison, Wise.), HG. 1. pWRG7077 includes a human 0.02% polylysine and then air drying or heat drying the 

cytomegalovirus (hCMV) immediate early promoter and a particles thus coated Once the metallic particles coated with 

bovine growth hormone polyA addition site. Between the polylysine were properly dried, DNA strands are then loaded 

promoter and the polyA addition site is Intron A, a sequence 55 onto the particles. 

that naturally occurs in conjunction with the hCMV IE The DNA is loaded onto the particles at a rate of between 

promoter that has been demonstrated to increase transcrip- 3 and 30 micrograms of DNA per milligram of gold bead 

tion when present on an expression plasmid. Downstream spheres. The preferable ratio of DNA to gold is 0.5-5.0 ug 

from Intron A, and between Intron A and the polyA addition 0 f DNA per milligram of gold. A sample procedure begins 

sequence, are unique cloning sites into which the prM/E ^ with gamma irradiated tefeel tubing. The gold is weighed 

DNA can be cloned. Also provided on pWRG7077 is a gene G ut into a microfuge tube, spermidine (free base) at about 

that confers bacterial host-cell resistance to kanamycin. Any 0.05 M is added and mixed, and then the DNA is added. A 

of the fragments that encode RSSE or CEE proteins can be io% CaCl solution is incubated along with the DNA for 

cloned into one of the cloning sites in pWRG7077, using about 10 minutes to provide a fine calcium precipitate. The 

methods known to the art. 65 precipitate carries the DNA with it onto the beads. The tubes 

In a further embodiment, the present invention relates to are micro fuged and the pellet resuspended and washed in 

host cells stably transformed or transfected with the above- 100% ethanol and the final product resuspeded in 100% 
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ethanol at 0.0025 mg/ml PVR The gold with the DNA is 
then applied onto the tubing and dried. 

The general approach of accelerated particle gene trans- 
fection technology is described in U.S. Pat. No. 4,945,050 to 
Sanford. An instrument based on an improved variant of that 
approach is available commercially from PowderJect 
Vaccines, Inc., Madison Wise., and is described in WO 
95/19799. All documents cited herein supra and infra are 
hereby incorporated in their entirety by reference thereto. 
Briefly, the DNA-coated particles are deposited onto the 
interior surface of plastic tubing which is cut to a suitable 
length to form sample cartridges. A sample cartridge is 
placed in the path of a compressed gas (e.g., helium at a 
pressure sufficient to dislodge the particles from the car- 
tridge e.g., 350-400 psi). The particles are entrained in the 
gas stream and are delivered with sufficient force toward the 
target tissue to enter the cells of the tissue. Further details are 
available in the published apparatus application. 

The coated carrier particles are physically accelerated 
toward the cells to be transformed such that the carrier 
particles lodge in the interior of the target cells. This 
technique can be used either with cells in vitro or in vivo. At 
some frequency, the DNA which has been previously coated 
onto the carrier particles is expressed in the target cells. This 
gene expression technique has been demonstrated to work in 
prokaryotes and eukaryotes, from bacteria and yeasts to 
higher plants and animals. Thus, the accelerated particle 
method provides a convenient methodology for delivering 
genes into the cells of a wide variety of tissue types, and 
offers the capability of delivering those genes to cells in situ 
and in vivo without any adverse impact or effect on the 
treated individual. Therefore, the accelerated particle 
method is also preferred in that it allows a DNA vaccine 
capable of eliciting an immune response to be directed both 
to a particular tissue, and to a particular cell layer in a tissue, 
by varying the delivery site and the force with which the 
particles are accelerated, respectively. This technique is thus 
particularly suited for delivery of genes for antigenic pro- 
teins into the epidermis. 

A DNA vaccine can be delivered in a non-invasive 
manner to a variety of susceptible tissue types in order to 
achieve the desired antigenic response in the individual. 
Most advantageously, the genetic vaccine can be introduced 
into the epidermis. Such delivery, it has been found, will 
produce a systemic humoral immune response. 

To obtain additional effectiveness from this technique, it 
may also be desirable that the genes be delivered to a 
mucosal tissue surface, in order to ensure that mucosal, 
humoral and cellular immune responses are produced in the 
vaccinated individual. There are a variety of suitable deliv- 
ery sites available including any number of sites on the 
epidermis, peripheral blood cells, Le. lymphocytes, which 
could be treated in vitro and placed back into the individual, 
and a variety of oral, upper respiratory, and genital mucosal 
surfaces. 

Gene gun-based DNA immunization achieves direct, 
intracellular delivery of DNA, elicits higher levels of pro- 
tective immunity, and requires approximately three orders of 
magnitude less DNA than methods employing standard 
inoculation. 

Moreover, gene gun delivery allows for precise control 
over the level and form of antigen production in a given 
epidermal site because intracellular DNA delivery can be 
controlled by systematically varying the number of particles 
delivered and the amount of DNA per particle. This precise 
control over the level and form of antigen production may 
allow for control over the nature of the resultant immune 
response. 
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The term transfected is used herein to refer to cells which 
have incorporated the delivered foreign DNA vaccine, 
whichever delivery technique is used. 

It is herein disclosed that when inducing cellular, 

5 humoral, and protective immune repsonses after DNA vac- 
cination the preferred target cells are epidermal cells, rather 
than cells of deeper skin layers such as the dermis. Epider- 
mal cells are preferred recipients of DNA vaccines because 
they are the most accessible cells of the body and may, 

10 therefore, be immunized non-invasive ly. Secondly, in addi- 
tion to eliciting a humoral immune response, DNA immu- 
nized epidermal cells also elicit a cytotoxic immune 
response that is stronger than that generated in sub- 
epidermal cells. Delivery to epidermis also has the advan- 
tages of being less invasive and delivering to cells which are 

15 ultimately sloughed by the body. 

Although it can be desirable to induce an immune 
response by delivering genetic material to a target animal, 
merely demonstrating an immune response is not necessarily 
sufficient to confer protective advantage on the animal. What 

20 is important is to achieve a protective immune response that 
manifests itself in a clinical difference. That is, a method is 
effective only if it reduces the severity of the disease 
symptoms. It is preferred that the immunization method be 
at least 20% effective in preventing death in an immunized 

25 population after challenge with RSSE or CEE. More 
preferably, the vaccination method is 50% or more effective, 
and most preferably 70-100% effective, in preventing death 
in an immunized population. The vaccination method is 
shown herein to be 100% effective in the mouse model for 

30 TBE. Mice have been used extensively as the laboratory 
model of choice for assessment of protective immune 
responses to tick-borne flaviviruses (Gajdosova, E. et al., 
1981, Acta Virol 25:10; Heinz, F. X. and C. Kunz, 1982,7. 
Biol Stand. 10:25; Holzmann, H. et al., 1990, /. Virol 

35 64:5156; Khozinsky, V V. and B. F. Semenov, 1984, Acta 
Virol 28:212; Mayer, V. E. et al., 1980,. Acta Virol 24:459; 
Mayer, V. E. et al., 1982, Acta Virol 26:453; Semenov, B. F. 
et al., 1975, Med. Biol 53:331; Vargin, V. v. and B. F. 
Semenov, 1986, Acta Virol 30:303; Venugopal, K. et al., 

40 1994, Res. Vet. Sd. 57:188). In contrast, unimmunized 
animals are uniformly killed by challenge with RSSE or 
CEE. Additionally, either CEE or RSSE immunized mice 
were able to survive challenge with either CEE or RSSE, 
indicating homologous and heterologous protection as a 

45 result of vaccination. It is expected that cross-protection 
against other strains of TBE-causing viruses would be 
achieved (Holzmann, H. et al., 1992, Vaccine, 10, 345-349). 

Generally, the DNA vaccine administered may be in an 
amount of about 1-5 ug of DNA per dose and will depend 

so on the subject to be treated, capacity of the subject's immune 
system to develop the desired immune response, and the 
degree of protection desired. Precise amounts of the vaccine 
to be administered may depend on the judgement of the 
practitioner and may be peculiar to each subject and antigen. 

55 The vaccine may be given in a single dose schedule, or 
preferably a multiple dose schedule in which a primary 
course of vaccination may be with 1—10 separate doses, 
followed by other doses given at subsequent time intervals 
required to maintain and or reinforce the immune response, 

60 for example, at 1—4 months for a second dose, and if needed, 
a subsequent dose(s) after several months. Examples of 
suitable immunization schedules include: (i) 0, 1 months and 
6 months, (ii) 0, 7 days and 1 month, (iii) 0 and 1 month, (iv) 
0 and 6 months, or other schedules sufficient to elicit the 

65 desired immune responses expected to confer protective 
immunity, or reduce disease symptoms, or reduce severity of 
disease. 
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In another embodiment, the present invention provides 
reagents useful for carrying out the present process. Such 
reagents comprise a DNA fragment containing prM/E gene 
from either RSSE or CEE or both RSSE and CEE, and a 
small, inert, dense particle. The DNA fragment, and dense 
particle are those described above. 

Preferably, the DNA is frozen or lyophilized, and the 
small, inert, dense particle is in dry powder. If a coating 
solution is used, the dry ingredients for the coating solution 
may be premixed and premeasured and contained in a 
container such as a vial or sealed envelope. 

The present invention also provides kits which are useful 
for carrying out the present invention. The present kits 
comprise a first container means containing the above- 
described frozen or lyophilized DNA. The kit also comprises 
a second container means which contains the coating solu- 
tion or the premixed, premeasured dry components of the 
coating solution. The kit also comprises a third container 
means which contains the small, inert, dense particles in dry 
powder form or suspended in 100% ethanol. These container 
means can be made of glass, plastic or foil and can be a vial, 
bottle, pouch, tube, bag, etc. The kit may also contain written 
information, such as procedures for carrying out the present 
invention or analytical information, such as the amount of 
reagent (e.g. moles or mass of DNA) contained in the first 
container means. The written information may be on any of 
the first, second, and/or third container means, and/or a 
separate sheet included, along with the first, second, and 
third container means, in a fourth container means. The 
fourth container means may be, e.g. a box or a bag, and may 
contain the first, second, and third container means. 

Other features of the invention will become apparent in 
the course of the following descriptions of exemplary 
embodiments which are given for illustration of the inven- 
tion and are not intended to be limiting thereof. 

The following materials and method were used in the 
examples below. 

MATERIALS AND METHODS 

Viruses, cells, media. Viruses were kindly provided by Dr. 
Robert Shope, Yale Arbovirus Research Unit, New Haven, 
Conn. Cell lines were obtained from the American Type 
Culture Collection. Central European encephalitis virus, 
strain Hypr, was isolated originally in 1953 from a TBE 
patient in Czechoslovakia. Russian spring summer encepha- 
litis virus, strain Sofjin, was isolated originally in 1937 from 
a TBE patient from the Far Eastern USSR. Langat virus was 
isolated originally in 1956 from ticks collected in Malaysia 
(Calisher, C. H., 1988, Acta Virol 32:469). RSSE and CEE 
viruses were propagated in VERO E6 cells and Langat virus 
was propagated in LLC-MK^ cells. Cells were maintained in 
Eagle's minimal essential medium (EMEM) supplemented 
with 10% fetal bovine serum and antibiotics. Propagation 
and assay of RSSE or CEE viruses were carried out in a 
biosafety level 4 laboratory. 

Cloning of the prM/E genes of RSSE and CEE. For 
reverse transcription and polymerase chain reaction (RT- 
PCR) amplification of the prM and E genes of RSSE and 
CEE viruses, specific oligonucleotide primers were designed 
to correspond to sequences previously reported for RSSE 
and CEE viruses (Genbank U39292, X03870). For the 
forward primers, nucleotides were modified around the 
translation initiation codon (bold type below) to generate 
sequences with a favorable context for translation initiation 
(Kozak, M., 1989, J. Cell Biol 108:229). The forward and 
reverse primers for RSSE were: 5'GCAGTAGACAG- 
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GArGGGTTGGTTG3 f (SEQ ID NO:3) and 5 GCACAGC- 
CAACTTAAG CTCCCACTCC3' (SEQ ID NO:4). The for- 
ward and reverse primers for CEE virus were: 
5'GCGACGGACAGGATGGGCTGGTrGCTAG3 f (SEQ 

5 ID NO:5), and 5 CACAGCGCAGCCAACTTACGC- 
CCCCACTCC3' (SEQ ID NO:6). 

Total intracellular RNA of virus-infected Vero cells was 
extracted by using Trizol reagent (Gibco). For reverse tran- 
scription of the RSSE and CEE prM and E genes, the 

10 specific oligonucleotide primers, and/or random primers 
were used with Superscript cDNA synthesis reagents 
(Gibco). Hie same specific primers were used to amplify the 
cDNA by PCR, using Expand HiFi reagents (Boehringer 
Mannheim). PCR was carried out in a PCR 9600 thermocy- 

15 cler (Perkin Elmer). PCR conditions were 40 cycles of 94° 
C. for 40 sec, 38° C. for 45 sec, 72° C. for 1 min, after which 
reactions were incubated at 72° C. for 5 min and then held 
at 4° C. until used for cloning into the pCRII plasmid 
(Invitrogen). After verification of orientation, the cDNA 

20 inserts were excised from pCRII by digestion with EcoRV 
and Spel or by digestion with NotI and partial digestion with 
BamHI. The RSSE and CEE cDNAs were then cloned into 
the Hindll I (blunt), and Nhel sites of pJW4303 (Lu, S. et al., 
1996, /. VtroL 70:3978) or the NotI and BamHI sites of 

25 pWRG7077. 

Transient expression assays of RSSE and CEE prM and E 
geues. For each assay, 5 fig of p\VRG7077 containing RSSE 
or CEE prM and E genes, or control plasmid with no insert, 
was mixed with 200 /il of OptiMEM medium (Gibco) with 

30 no antibiotics. A separate solution was prepared consisting 
of 40/d of lipofectin reagent (Gibco) in 200 /d of OptiMEM 
(Gibco). Both solutions were incubated at room temperature 
for 30-45 min, after which they were combined and incu- 
bation was continued at room temperature for 10-15 min. 

35 OptiMEM (1.6 ml) was then added to each assay and the 
solution was placed onto monolayers of COS cells, in 25 
cm 2 flasks, that had been rinsed one time with 2 ml of 
serum-tree EMEM. The cells were incubated for 7 h at 37° 
C, then the lipofectin/DNA solution was removed and fresh 

40 OptiMEM with antibiotics was added and incubation was 
continued. At 26 h postinfection, the medium was removed 
from the cell cultures and replaced with EMEM without 
cysteine or methionine. After incubation for 1 h at 37° C, 
200 /*Ci of 3S S Promix (methionine and cysteine, 

45 Amersham) was added to each flask and the cells were 
incubated for 4 h at 37° C. The radiolabeling medium was 
then removed and cells were lysed on ice with 1 ml of a 
buffer consisting of 10 mM Tris-HCL, pH 8.0, 1 mM EDTA, 
0.5 M NaCl, 4% Zwittergent 3-14 (Calbiochem-Behring) 

50 and protease inhibitors (Boerhringer Mannheim). Cell nuclei 
were removed by centrifugation for 5 min at 12,000xg in a 
microcentrifuge. An aliquot (100 /il) of each supernatant was 
mixed with 5 of a hyperimmune mouse ascitic fluid to 
RSSE or CEE viruses. After incubation on ice overnight, 

55 100 fd of 50% Protein A Sepharose (Sigma) in lysis buffer 
was added to each tube, and the samples were shaken at 4° 
C. for 30 min. The Sepharose beads were recovered by 
centrifugation in a microcentrifuge and were washed three 
times with lysis buffer, and one time with 10 mM Tris-HCl, 

60 pH 8.0. The beads were then boiled for 2 min in protein 
sample buffer and analyzed by SDS polyacrylamide gel 
electrophoresis (PAGE) as described previously (Arikawa, J. 
et al., 1989, J. Gen. Virol 70:615). 
Preparation of gene gun cartridges, immunization and 

65 challenge of mice. Plasmid DNA was precipitated onto the 
outside surface of gold beads (approximately 2 /*M in 
diameter) as described previously (Eisenbraun, M. D. et al., 
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1993, supra). The DNA loads were 0.5-1 /ig/mg gold. The Plaque-reduction neutralization assays (PRNTqq). Two- 
DNA-coated gold particles were dried on the inside walls of fold dilutions of sera (1:20-1 :640) were prepared in EMEM 
Tefzel tubing (McMaster Carr), which was then cut into 0.5 supplemented with 10% FBS, and antibiotics. Dilutions 
inch sections to make cartridges for the gene gun (Pertmer, were incubated at 56° C. for 30 min to inactivate 
T. M. et al., 1995, Vaccine 13:1427). These cartridges each 5 complement, then were mixed with an equal volume of 
contained approximately 0.5 mg of gold coated with infectious RSSE or CEE virus in EMEM supplemented with 
0.25-0.5 p% of DNA. BALB/c mice (approximately 6 to 8 10% FBS and antibiotics to yield a mixture containing 
wk-old) were immunized by using the hand-held, helium approximately 500 PFU of virus/ml. The virus/antibody 
powered PowderJect-XR™ gene gun (Patent WO 95/19799) mixtures were incubated at 37° C. for 1 h, and then stored 
to deliver approximately 0.5- 1 y% of DNA to the epidermis 10 at 4° C. overnight. The following day, 0.2 ml of the mixture 
as described in Results and as reported previously (Pertmer, was added to duplicate wells of six-well plates containing 
1995, supra). For challenge studies, mice were transferred to confluent monolayers of VERO E6 cells. The plates were 
a biosafety level 4 containment area and challenged by incubated for 1 h (rocking gently every 15-20 min). The 
intraperitoneal inoculation of approximately 50 PFU of wells were then overlaid with 2 ml of 0.6% Seakem ME 
suckling mouse brain-passaged RSSE or CEE virus, a dose 15 agarose (FMC Corp.) prepared in EMEM and supplemented 
previously determined to be approximately 100 LD 50 for with 5% FBS, nonessential amino acids, I^glutamine and 
BALB/c mice. Mice were observed daily for signs of illness antibiotics. The plates were incubated at 37° C. in 5% C0 2 
and for death. for 6 days, after which a second overlay of 0.5% agarose in 

ELISA. Direct IgG ELISA was performed by using meth- EMEM supplemented with 25% FBS and neutral red was 
ods similar to those described previously (Chu, Y.-K. et al., 20 applied. Plaques were visible 1 to 2 days later. The neutral- 

1994, Virology 198:196; Meegan, J. M. et al., 1987,74m. /. izing antibody titer was calculated as a reciprocal of the 
Vet. Res. 48:1138). The viral antigen was prepared by highest dilution, resulting in a 80% reduction of plaques 
detergent lysis of RSSE or CEE virus-infected VERO cells when compared to a control of vims with no added antibody, 
and infectious virus was inactivated by gamma irradiation of Radiolabeling and immune precipitation of Laugat virus 
lysates (Chu, 1994, supra). One half of a 96-weli polyvi- 25 proteins. Conditions for infection and radiolabeling of Lan- 
nylchloride (PVQ microtiter plate (Dynatech, Vienna, Va.) gat virus proteins with 35 S-methionine were described pre- 
was coated directly with 100 /d/well of viral antigen diluted viously (I aco no-Connors, L. et al., 1996, Virus Res. 43:125). 
in 0.01 M PBS (pH 7.4) with 0.01% thimerosal (coating Briefly, Langat virus-infected LLC-MI^ cell monolayers in 
buffer) at a predetermined optimal dilution (1:1000). The 25 cm 2 flasks were radiolabeled 18-24 h after infection with 
other half was coated with 100/d/well of a similarly treated 30 200 /*Ci/ml of 35 S-ProMix. The cells were lysed in a buffer 
negative antigen made from uninfected cells. Plates were consisting of 400 mM NaCl, 50 mM Tris HQ, pH 8.0, 1 mM 
wrapped in plastic wrap and incubated at 4° C. overnight. EDTA, 1% Triton X-100, 0.2% deoxycholate, and protease 
The next day plates were washed three times with wash inhibitors. Cell nuclei were removed by centrifugation. 
buffer (coating buffer and 1% Tween-20; 300 /d/well/wash) Langat virus proteins were immune-precipitated with 2-5 /d 
by using an automatic plate washer (Biotek Instruments). All 35 of experimental mouse sera and analyzed by SDS-PAGE. 
subsequent reagents added to the plates were diluted in wash 

buffer containing 5% skim milk (Difco). After the addition EXAMPLE 1 

of each reagent, the plates were incubated ina moist aoni ^ expression of prM aod E genes . 

environment at 37 C. for 1 h and then washed three times. _ . n , , _ _ _ „_ 

Serum samples were initially diluted in microtiter tubes 40 Expression of the prM and E genes of RSSE and CEE 
(Bio-Rad) and then further diluted from the microtiter tube werc bv transfecUoD of pJW4303 (Lu, S. 

mtobomposmveandnegative^ et ^ 1996 ' J '^ L ™ 3978 > °' P^™ 7 G?G- *> 

1:100). Sera were screened at a 1:100 dilution or were ^ mm S RSS * S enes > or pWRG7077 containing the 
serially diluted fourfold from 1:100 to 1:6400 in the EUSA m f ^ °L me ^f""^ 

plate. The positive control sera used were ascitic fluids from 45 **** * P rM . uncleaved prM/E which couki be 
hyperimmunized mice inoculated with authentic homolo- immune-preapitated with antibodies to authentic viral pro- 
gous virus. Negative control sera used were prebleeds and lems ^ 

controls from mice used in the study. After incubating, plates EXAMPLE 2 

were washed and 100 /d of horseradish peroxidase (HRPO)- 

labeled goat anti-mouse IgG antibody (Boehringer 50 Antigenicity of the candidate vaccines. 
Mannheim) (200 ng/ml) was added to each well. The BALB/c mice were immunized by delivery of DNA- 
substrate 2,2'-azino-di 3-ethybenthiazoline sulfonate coated gold beads to the abdominal epidermis by particle 
(ABTS; Kirkegaard and Perry) was added, and plates were bombardment with helium pressure using the Accell™ gene 
read at 410 nm with a Dynatech MR5000 reader and Lotus gun (Geniva, Madison, Wise.). For our first experiment and 
Measure. The readings were adjusted by subtracting the 55 the first immunization of the second experiment, we used 
optical density (OD) of the negative antigen-coated wells RSSE prM/E cloned into pJW4303 (Lu, 1996, supra). For all 
from the positive antigen-coated wells. OD cutoff values subsequent studies we used RSSE or CEE prM/E cloned into 
were determined as follows: The mean of the adjusted OD pWRG7077 (FIG. 1). The two plasmids have the same 
values was determined for all the mouse prebleed and control elements; i.e., a human cytomegalovirus early pro- 
control samples and the standard deviation calculated. The 60 moter and intron A, and a bovine growth hormone 
cutoff of the assay was the mean OD value plus three polyadenylation/transcription termination signal. However, 
standard deviations rounded up to the nearest tenth. An OD pWRG7077 does not contain the SV40 virus origin of 
value was considered positive if it was greater than or equal replication and it has a kanamycin resistance gene rather 
to this value. The titer was equal to the reciprocal of the last than an ampicillin resistance gene and is therefore more 
dilution that was above or equal to the OD cutoff value. A 65 suitable for the development of human vaccines, 
serum sample was considered positive if the titer was In our initial experiment, 10 mice were immunized with 
^ 1:100. the RSSE construct and five mice were immunized with 
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pJW4303 with no insert. Each mouse received two shots in EXAMPLE 3 
adjacent sites with a combined total of approximately 1 fig 

of DNA. Four wk after the first immunization, the mice were Protective efficacy of the candidate vaccines. 

bled and a second immunization of two shots was given. ^ , . . r . nxI . , , . t 

~ j .i , - ■ » L - li 4 _ To determine if the DNA vaccines could protect mice 

Four wk after the second immunization, the mice were bled 5 r . n . , . . 4 nccr _ " 

, j u ct ie a aii * *u from challenge with virulent RSSE and CEE viruses, mice 

again and sera were assayed by EUSA. All of the mice r . ? # , t , , , 

• * j tU #u oeec * * u j ^ . . ui " om each of the three experiments described above were 

vaccinated with the RSSE construct had detectable . tl , ... 4 , . f 4 11C ,„„ . „ 

* necn a * *• j n <7,u u j challenged either with virulent RSSE or CEE viruses. Some 
responses to RSSE after one vaccination and all of them had e & . . , , , 4 . _ . „„„„ 
• « ^ . , _ AX of the mice intended as controls for the RSSE cross- 
increased responses after the second vaccination (FIG. 3A). ... r „_ . . . \ ^ . 
M t t u , r 4 . . * • j. * ■% challenge of CEE-vaccinated mice (experiment three, 
None of me serum samples from the control mice displayed 10 . x . . ^ lt ■ . , v r . lL nppr j 
int; ^ * |K neon ruir xa\ above) were inadvertently vaccinated once with RSSE and 
any reactivity with RSSE antigen (FIG. 3A). CEE DNA. Thus, although all of the vaccinated mice 

To assess the ability of the RSSE DNA to elicit an survived challenge with RSSE virus, so did all but one of the 

antibody response to CEE virus, we performed a second controls. Therefore, despite our finding that these mice were 

experiment in which 10 mice were immunized as before clearly immunized, as indicated by their high-titered EUSA 

with RSSE DNA and five mice were immunized with 15 aDd PRNT^ antibody responses (FIG. 4 and 5), we consid- 

plasmid with no insert. Four wk after the second ered tWs experiment to mvahd with respect to protection 

vaccination, ELJSA was performed using RSSE or CEE ^ have not tb ese findings in the statistical analy- 

antigen. Antibody responses were detected to both antigens sis of protection (Table 1). To complete the cross-protection 

with sera from all vaccinated mice (FIG. 3B). study> we vaccinated a fourth group of 10 mice, two times 

To further evaluate the ability of the RSSE and CEE 20 with 0.5 fig of CEE DNA. These mice and nine unvaccinated 

DNAs to elicit cross-reactive antibody responses, we per- mice were then challenged with RSSE virus. Of tbese, all of 

formed a third experiment, in which we immunized 20 mice the controls died, and all of the vaccinated mice survived. 

with RSSE DNA, 16 mice with CEE DNA, 16 mice with A „ _ , 4 f , _ tU ff , ,. 

. DOOn , ^ nxiA a 'to **L i 4 . Asummaryofthe results from the series of four challenge 

both RSSE and CEE DNA, and 18 mice with plasmid with experiments ^ in Table L au 55 of me 

no insert. As before, two immunizations (each consisting of immunized with plasmids containing the RSSE or CEE 

two gene gun shots) were given at 4-wk intervals, but the genes remained healthy after virus challenge. In contrast, all 

DNA dose was reduced from 1 fig to 0.5 fig at each 27 control mice (18 immunized with plasmid lacking an 

immunization. The mice were bled 4 wk after the second insert, and nine unimmunized mice) displayed symptoms of 

immun i zation and serum samples assayed by EUSA. infection after virus challenge; 14 of 17 mice died after 

Unexpectedly, we found that although there was an initial 30 challenge with RSSE virus, and eight of 10 mice died after 

response to the antigen, there was not a rise in response after challenge with CEE virus. 

TABLE 1 

Mortality of mice immunized with RSSE, CEE, or RSSE and CEE 
naked DNA vaccines and challenged with RSSE or CEE viruses 



Vuus(es) used 
for Vaccine 


Challenge 
Vims 


Replicate 1 




Replicate 2 


Overall 




P* 


Vaccinated Control 


Vaccinated 


Control 


"Vaccinated 


Control 


CEE 


CEE 


0/7 


6/8 






0/7 


6/8 


0.006 


CEE 


RSSE 


0/10 


9/9 






0/10 


9/9 


0.00001 


RSSE 


CEE 


0/5 


2/2 


0/10 


6/8 


0/15 


8/10 


0.0006 


RSSE 


RSSE 


0/10 


2/5 


0A0 


3/3 


0/20 


5/8 


0.0003 


RSSE + CEE 


CEE 


0/8 


6/8 






0/8 


6/8 


0.002 



' 'Values determined with the test for homogeneity of odds ratios by using the StatXact-Turbo program from Cytel software Corp., 
Cambridge, MA. 
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the second immunization (not shown). From other EXAMPLE 4 
experiments, we knew that 05 fig of these DNAs were Neutralizing antibody and sterile immunity, 
sufficient to elicit antibody responses in mice (not shown) Neutralizmg antibodies correlate with protective immu- 
Basedon these results and those of other studies (not shown) Dity to tick . bo 3 rD e flaviviruses, as demonstrated in mice by 
we determined that a hardware modification to the gene gun passive transfer of neutralizing monoclonal antibodies to M 
(a brass insert which altered the helium flow and was and E (Heinz, R X. et al., 1983, Virology 126:525; Iacono- 
intended to more evenly disperse the gold beads at the target Connors, 1996, supra). We measured the neutralizing anti- 
inoculation site) resulted in reduced antigenicity. body responses elicited by the vaccines in mice from the 
Consequently, we immunized the mice once more (4 wk third experiment just before challenge. Because we found 
after the second immunization) with the RSSE, CEE or that CEE virus produced clearer, more easily discernible 
RSSE, and CEE DNAs. The mice were then bled, and 60 plaques man did RSSE virus, and because infectious vims 
EUSA titers of sera determined on both RSSE and CEE assays required biosafety level 4 containment, we performed 
antigen plates. EUSA with RSSE antigen resulted in anti- a u PRNT^ only with CEE virus. We found that all of the 
body titers of 100 to ^6400 (FIG. 4). The CEE antigen used m ice except one had prechallenge neutralizing antibody 
to coat the EUSA plates was apparently not as concentrated titers ^40 (FIG. 5). For samples in which an endpoint titer 
as the RSSE antigen, in that titers were uniformly lower with 65 was reached, postchallenge neutralizing antibody titers were 
sera from both RSSE and CEE DNA-immunized mice (FIG. generally the same as or lower than prechallenge titers, 
4). suggesting a protection from infection (FIG. 5). For samples 
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with prechallenge titers of ^640, we also assayed pooled 

sera to estimate an endpoint titer. For the pooled serum 

samples from the CEE challenge group (109-116), the 

PRNTgo titers were 1280 both before and after challenge. 

These results are also consistent with abortive infection by 5 

the challenge virus. The same results were obtained with 

postchallenge sera from the RSSE challenge group; i.e., the 

same or lower titers after challenge, but the results are not 

included in FIG. 5 because of the problem mentioned above 

with regard to invalid controls. 

& 10 
As another means to measure sterile immunity, we 

immune -precipitated radiolabeled Langat virus proteins 
with sera from mice vaccinated with RSSE or CEE DNAs 
both before and after challenge with RSSE or CEE viruses. 
Langat virus was used rather than RSSE or CEE viruses for 
these experiments because we previously demonstrated that 1 
Langat proteins are cross-reactive with RSSE and CEE 
antibodies (lacono-Connors, 1996, supra) and because we 
were able to use Langat virus at biosafety level 3 contain- 
ment rather than at level 4. We expected that vaccinated 
mice would have antibodies to Langat virus E, but not NS1. 20 
Postchallenge sera would also display reactivity only with E 
if the mice were not productively infected with the challenge 
viruses. If they were infected, however, we expected to also 
see reactivity with NS1. In addition to pooled samples, 
individual sera from mice 107 and 112 were assayed as 25 
representatives of samples for which a higher postchallenge 
than prechallenge PRNT titer was observed. Analysis of the 
immune precipitation products by PAGE revealed that 
although both E and NS1 proteins were clearly precipitated 
by polyclonal, hyperimmune mouse ascitic fluids to RSSE 30 
or CEE viruses, NS1 was not evident in any of the pre- or 
postchallenge sera from experimental mice (FIG. 6). The 
pooled sera from mice 109-116 did have a faint band in the 
area expected for NS1 (FIG. 6A), so these samples were 
assayed individually for reactivity with Langat virus pro- 
teins. None of these samples immune-precipitated Langat 35 
virus NS1 (FIG. 6C). Therefore, the immune-precipitation 
results and the PRNT results both suggest that sterile immu- 
nity was induced in the vaccinated mice. 
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diately before a subsequent vaccination, or immediately 
before challenge (Table 2). All mice that received one 
vaccination or two vaccinations 4 wk apart were protected 
from challenge at 8 wk after the first vaccination. Two 
vaccinations, given at 4, 8, or 12-wk intervals protected all 
but two mice from challenge 6 months after the initial 
vaccination (Table 2). 

EXAMPLE 6 

Primate studies 

We have performed a comprehensive evaluation of DNA 
vaccines for RSSE and CEE viruses in mice (Schmaljohn, C. 
S. et al, 1997,/. ViroL 71:9563). We demonstrated that high 
levels of neutralizing antibodies to RSSE and CEE viruses 
can be elicited with two vaccinations, given 4 weeks apart, 
with 1 mg of PrM/E DNA. We further demonstrated that a 
single vaccination protected all mice from challenge 8 
weeks later. Two immunizations given at an 8 week interval 
protected 10/10 mice from challenge 6 months after the first 
vaccination. Two vaccinations given at a 4 week interval 
protected 9/10 mice 6 months after the first vaccination, and 
10/10 mice challenged 1 year after the initial vaccination. 
From our studies we conclude that we can achieve both 
homologous and heterologous protection of mice from chal- 
lenge with RSSE and CEE viruses with either of the 2 DNA 
vaccines. Following these successes in mice and prior to 
human trials, we show that neutralizing antibodies are 
present following vaccination in rhesus macaques. 

RSSE and CEE virus infection of primates: There is no 
known satisfactory disease model for TBE in monkeys. 
Studies performed at USAMRIID (Kenyon, R. H. et al., 
1992, Microbe Pathog. 13:399) in Bonnet monkeys (Macaco, 
radiata) demonstrated disease upon infection with some 
viruses in the TBE complex, but not consistently with RSSE 
or CEE viruses. Several studies, however, have demon- 
strated that rhesus macaques (Macaca mulatto) are useful 
antigenicity and immunogenicity models. In one study, 
rhesus monkeys were used to evaluate the efficacy and safety 



TABLE 2 



Antibody responses (jgcomctric mean titers)* and duration of protective 
immunity elicited by the CEE DNA/gcne gun vaccine administered with varying 
schedules , and dosages 

Group CEE1 CEE2 CEE3 CEE4 CEE5 



# vacc (interval) 


1 


2(4wk) 


2(4wk) 


2(8wk) 


2 (12 wk) 


Challenge 


8 wk 


8 wk 


24 wk 


24 wk 


24 wk 


vacc 1 


100 


<100 


53.6 


75.8 


nd 


(range) 


(<10O-4O0) 


(<100) 


(<1 00-1 00) 


(<100-100) 




vacc 2 




606 


162.5 


348.2 


75.8 


(range) 




(400-1600) 


(<100-400) 


(100-1600) 


(<100-100) 


post 


4032 


1600 


2743 


1630 


800 


(range) 
survival 6 


(1600-12800) 


(400-6400) 


(400-12800) 


(400-6400) 


(100-1600) 


9/9 


10/10 


9/10 


10/10 


4/5 



"Geometric mean titers (GMT) for vacc 1 are from blood samples collected immediately before the subse- 
quent vaccination; Le. 8 wk, 4 wk, 4 wk, or 8 wk after the first vaccination for groups 1-4, respectively. 
GMT for vacc 2 are from blood samples collected immediately prior to challenge; Le. 4 wk, 20 wk, 16 wk, 
or 12 wk after the second vaccination for groups 2-5, respectively. 
nO/19 unvaccinated controls survived challenge 



EXAMPLE 5 

Duration of protective immunity after vaccination. 

We examined the length of immunity induced by one or 
two vaccinations with approximately 05 p% of DNA given 
at varying intervals as described in Table 2. Individual sera 
were analyzed by ELISA and geometric mean titers (GMT) 
of each group were calculated for samples collected imme- 



of a commercial killed vaccine (Hambleton, P. et al., 1983, 
Infect. ImmtirL 40:995). Vaccinated monkeys exposed intra- 
venously developed a subclinical infection with no histo- 
pathological lesions but with transient clinical serum chem- 
istry changes that included elevated aspartate 
animotransaminase, lactate dehydrogenase, and creatine 
kinase activities. These chemical abnormalities declined as 
an immune response developed. The immune response was 



60 



65 
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detected as neutralizing antibody in serum. Antibodies to W. et al, 1991, Virology 180:294; Russell, P. K. et al., 1980, 

viral envelope protein and two other infected cell-specific In R. w. Schlesinger (ed.) The Togaviruses. Academic Press- 

polypeptides were also detected. :New York, p. 503-529). The enhanced immunogenicity of 
To evaluate the immunogenicity of our vaccine, rhesus P^cles is in part due to the inability of E to assume 

monkeys were randomized into five groups of four animals 5 * native conformation in the absence of prM (Konishi, E. 

each. Group 1 was immunized with the genes that encode f and f W , Mason ;. f" 3 ' SU P^ ^ a !| hou & h P 35 ^ 1 * 
prM/E of CEE virus. Group 2 was immunized with RSSE .neutrahzing monoclonal antibodies to E can 

. %M rr: \ i -ju*u nccr protect animals from subsequent flavi virus challenge 

virus prM/E genes. Group 3 animals received both RSSE , , A , „ A „ . no _ _ . . & , 

and CEE prM/E genes. Group 4, the positive control, f*^' £™ u \ T'.T*'^ 

received the licensed Immuno TBE vaccine. Group 5 ani- *» ***** W86, supra; Hemz, F. et al., 1983 supra; 
mals were vaccinated with the DNA carrier plasmid a <£no^nnors et V!??' s«P«; fcufinan, B M. et al., 

(WRG7077) without any gene inserts and served as the if 7 ' ^ K™-Kuroda J. and K. Yasw, 1988, supra; 

negative control. DNA vaccinated animals in groups 1, 2. Maso ° « 19 * 9 >™f™' Mathews and Roehng 1984, 

and 5 were immunized with approximately 10 ug of DNA on ^ ^ *TT Z f °° ^ A A ' s ? luble * * ° ot 

days 0, 28, and 56. This was administered as four gene gun « 35 efficient as prM and E together for inducing protecUve 

shots to the skin of the lower abdomen on each of me three T* (Heinz et al., 1995, supra), 
immunization dates. Group 3 animals received approxi- mtLcated above . neutralizing antibodies to E are, by 

mately 20 ug of DNA consisting of four gene gun shots of themselves, sufficient to protect mice, and presumably 

RSSE and of CEE on each vaccination day. Group 4 humans, from CEE virus. Thus, although DNA vaccines 

received the Immuno vaccine, given at the human dose of 20 delivered to the epidermis by gene gun inoculation effi- 

0 5 ml 1M in the upper arm on days 0, 18, and 56. Monkeys aenU y md " C6 bolh cell-mediated and humoral immune 

were bled immediately prior to each vaccination and at day responses (Haynes et al, 1994, supra; Pertmer et al., 1995, 

70 to determine the antibody response by enzyme-linked su P ra )> we were mosl interested in analyzing the induction 

immunosorbent assay (ELISA). Neutralizing antibody lev- of neutralizing antibodies as a correlate of protection. Our 

els were determined by plaque reduction. 25 vaccination strategy of two immunizations of 0.5 to 1 fig of 

. _ , . ... , , . . DNA delivered at 4-wk intervals was based on optimal 

After 3 . unmumzations^ sera from monkeys recejvmg tiie parameters o^tennined for gene gun inoculation of a reporter 
combmabon of RSSEand CEE DNA vaccines had ELISA et d 19 | 3> J y u ^ studies J was 

titers (on RSSE and CEE antigens) and neutralizing anti- j * • j *i_ * .;. _ . _ 

, . 4 \ g . v . , ' 4 u "rr^l Z determined that microgram quantities of DNA were suffi- 

body titers (to CEE virus) equivalent to those elicited by the • „ t f ^ r m * m ,i „ mt J-I _~V- „ , ... 

f . J j * * * . 7 A-~„ -v - T A . J . 30 cient for maximal protein expression and eliciting antibodies 

ucensed Austrian vaccine (FIG. 7). Neutralizing antibody • .u , . T . & A c rxvT . 

i i mn^vr \ , r-rr ■ i *u 4 a* c 11 to me expression product Increasing the amount of DNA 

levels (PRIST™,) to CEE virus were less than 1:40 for all r- w ft 1 »~ < „~ twa ™ ™ Ze^iA a a ♦ « u * 

\ so/ ____ _ no,.,, trom 0.1 to 5 ug of DNA per mg of gold did not result m 

prevaccination sera and were ^1:1280 for, d bleeds* ^ expression levels ^ it ^ Rested that the 300 
except forl(monkey HTTwho had a 1:640 titer). Neutral- ^ of DNA found Qn a t ical ^ oM ^ (01 

lzing antibody responses to RSSE virus were not measured n v TA , u\ „ n *u * • t n x= • Cr 

& n 3 p . , . - noor- • j^r. • 35 DNA/mg gold) are all that a single cell can efficiently 

because all assays with infectious RSSE virus and CEE virus , Trr / t , inn - x A1t , , 

- ,_ . r : i , . . t • „ express (Eisenbraun et al., 1993, supra). Although we did 

require biosafety level 4 containment and it is technically ; , . \ _ /i^xta -ivj - *- * 

j*«= i* * nP£ , n . . , , not test lesser amounts of DNA, we did investigate other 

more difficult to assay MSE virus using a plaque reduction ^ed^ Our finding that one vtccination 

method than to assay CEE virus. ^ 0 ^ ^ of DNA ^ protect mice for al least 2 raonths> 

Because neutralizing antibodies are known to be a cone- ^ and two vaccinations can protect for at least 6 months 

late of protective immunity, these studies indicate that it is suggests that the immune response generated is long-lived 

likely that the DNA vaccine will protect humans from and offers encouragement for further development of this 

tick-borne encephalitis caused by RSSE and CEE. vaccine for human use. 

nicmiPrinM The RSSE and CEE cross-reactive immunity that we 

DISCUSSION , , 4 w j r> i 

45 observed was not surprising in that the prM and E polyp ro- 

The use of nucleic acid vaccines to elicit protective tein expression products of the two viruses are 94% identi- 
immunity to a variety of viruses has been demonstrated in cal. Nevertheless, it is known that certain E-specific mono- 
numerous experimental models (for reviews see Ulmer, J. B. clonal antibodies differentiate RSSE and CEE viruses, and 
et al., 1996, Adv. Exp. Med. Biol 397:49; Ulmer, J. B. et al., that minor changes in E can result in altered neuroinvasive- 
1995,Awl NY Acad ScL 772:117; Ulmer, J. B. et al., 1996, 50 ness in mice (Holzmann et al., 1997, J. Gen. Virol. 78:31, 
Cum Opin. Immunol. 8:531; Whalen, R. g., 1996, Emrg. supra; Holzmann et al., 1992, Vaccine 10:345). 
Infec. Dis. 2:168). In the studies reported here, gene gun Consequently, although either of our DNA vaccines by itself 
administration of microgram quantities of DNA encoding may be sufficient for immunity to TBE-causing flaviviruses, 
the prM and E genes of RSSE or CEE viruses was effective it may be prudent to include both DNAs in a vaccine 
for inducing homologous and heterologous protective 55 developed for humans. 

immunity in mice. We designed our candidate vaccines to In some of our experiments, not only did our candidate 

take advantage of earlier findings that showed that coex- vaccines protect mice from death and illness after challenge, 

pressing prM and E results in the formation of secreted, but apparently prevented replication of the challenge virus, 

antigenic and immunogenic subviral particles (Heinz, F. X. as indirectly measured by the absence of antibody titer 

et al., 1995, Vaccine 13:1636; Konishi, E. and P. W. Mason, 60 increases and the absence of NSl-specific antibodies after 

1993, J. Virol. 67:1672; Konishi, E. et al., 1992, Virology challenge. Of course, neither of these methods is sensitive 

190:454; Konishi, E. et al., 1992, Virology 188:714; Pincus, enough to detect low levels of virus replication, so it is 

S. et al, 1992, Virology 187:290). Such subviral particles, possible that the challenge virus did establish an infection 

consisting of fcreterodimers of prM and E, are also a by but was quickly eliminated. If sterile immunity did occur, we 

product of normal flavivirus morphogenesis; i.e., the 65 assume that it was related to neutralization of the challenge 

so-called "slowly sedimenting hemagglutinins" (SHA) virus by circulating antibodies. Among the mechanistic 

(Heinz, F. and C. Kunz, 1977, Acta Virol 21:308; Mason, P. possibilities for this are prevention of adsorption of virus to 
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host cell receptors, inhibition of fusion of the viral envelope 
to the host plasma membrane, or alteration of the confor- 
mation of the viral envelope proteins to perturb entry of the 
virus into the host cell (Dimmock, N. J., 1995, Med. Virol. 
5:165). Whichever mechanism occurred, sterile immunity 
was apparently not required for protective immunity. This is 
evidenced by the large increases in antibody titers after 
challenge of some of the mice in our duration of immunity 
experiments. Additionally, we show that monkeys receiving 
the DNA vaccine had ELISA titers on RSSE and CEE 
antigens and neutralizing antibody titers to CEE virus 
equivalent to the commercially available inactivated virus 
vaccine. Since neutralizing antibodies correlate with protec- 
tive immunity, the DNA vaccine described here is likely to 
protect humans from tick -borne encephalitis caused by 
RSSE and CEE. 
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In conclusion, we feel that the DNA/gene gun technology 
offers great promise for a new generation of vaccines for 
TBE. The technology is still new and is undergoing constant 
modifications and revisions. Nevertheless, gene gun immu- 
nization of other DNAs, in quantities similar to those in our 
studies, effectively induced immune responses in larger 
animals such as pigs and non-human primates after gene gun 
inoculation (Fuller, 1995, supra; Fuller, D. H. et al., 1996,7. 
Med PrimatoL 25:236). Thus, we expect that the amount of 
DNA needed for successful vaccination will not present a 
technical barrier. Also, because gene gun delivery of a 
candidate virus vaccine for hepatitis B (Geniva) was 
recently approved for use in a human clinical trial, we 
anticipate no regulatory obstacles for its eventual use in TBE 
vaccines for humans. 



SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 6 

<210> SEQ ID NO 1 
<211> LENGTH: 2055 
<212> TYPE: DNA 

<213> ORGANISM: Central European Encephalitis virus 
<220> FEATURE: 

<223> OTHER INFORMATION: genomic 
<400> SEQUENCE: 1 



gcgacggaca 


ggatgggctg 


gttgctagtc 


attactctgt 


40 


tggggatgac 


gattgctgca 


accgtgagga 


aagaaaggga 


80 


cggctcaact 


gtgatcagag 


ctgaaggaaa 


ggaegcagea 


120 


actcaggtgc 


gtgtggagaa 


tggcacctgt 


gtgatcctgg 


160 


ctactgacat 


ggggtcatgg 


tgtgatgatt 


cactgtccta 


200 


tgagtgtgtg 


ac cat agate 


aaggagaaga 


gcctgttgac 


240 


gtggattgtt 


tttgccggaa 


tgttgatgga 


gtctatctgg 


280 


agtatggacg 


ctgtgggaaa 


caggaaggct 


caeggacaag 


320 


gcgctcagtg 


ctgatcccat 


cccatgccca 


gggagagctg 


360 


acggggaggg 


gacacaaatg 


gctagaagga 


gactcgctgc 


400 


gaacacatct 


caccagagtt 


gagggatggg 


tttggaagaa 


440 


caggctactt 


gccctggcga 


tggtcaccgt 


tgtgtggttg 


480 


acccrbggaga 


gtgtggtgac 


cagggtcgcc 


gt t ct ggtt g 


520 


tgctcctgtg 


tttggcgccg 


gtctacgett 


cgcgttgcac 


560 


acatttggaa 


aacagggact 


ttgtgactgg 


tactcagggg 


600 


acrtacgaggg 


tcaccttggt 


gctggaactg 


ggtggatgtg 


640 


ttaccataac 


agctgagggg 


aagccttcaa 


tggatgtgtg 


680 


gcttgacgcc 


atttaccagg 


agaaccctgc 


teagacaegt 


720 


gagtactgtt 


tacacgccaa 


gttgtcggac 


actaaggttg 


760 


cagccagatg 


cccaacaatg 


ggaccagcca 


ctttggctga 


800 


agaacaccag 


ggtggtacag 


tgtgcaagag 


agatcagagt 


840 


gatcgaggct 


ggggcaacca 


ctgtggactt 


tttggaaagg 


880 
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-continued 



gtagcattgt 


ggcctgtgtc 


aaggcggctt 


gtgaggcaaa 


920 


aaagaaagcc 


acaggacatg 


tgtacgacgc 


caacaaaata 


960 


gtgtacacgg 


tcaaagtcga 


accacacacg 


ggagactatg 


1000 


ttgccgcaaa 


cgagacacat 


agtgggagga 


agaeggcate 


1040 


cttcacagtt 


tcttcagaga 


aaaccattct 


gactatgggt 


1080 


gagtatggag 


atgtgtctct 


gttgtgtagg 


gtcgctagtg 


1120 


gcgttgactt 


ggcccagacc 


gtcatccttg 


agcttgacaa 


1160 


gacagtggaa 


caccttccaa 


cggcttggca 


ggtccacagg 


1200 


gactggttta 


atgatctggc 


tctgccatgg 


aaacatgagg 


1240 


gagcgcgaaa 


ctggaataac 


gcagaaagat 


tggttgaatt 


1280 


tggggctcct 


catgctgtca 


agatggatgt 


gtacaacctc 


1320 


ggagaccaga 


ctggagtgtt 


actgaaggct 


ctcgctgggg 


1360 


ttcctgtggc 


acacattgag 


ggaaccaagt 


accacctgaa 


1400 


gagtggccat 


gtgacctgcg 


aagtgggact 


ggaaaaactg 


1440 


aagatgaaag 


gtcttacgta 


cacaatgtgt 


gacaaaacaa 


1480 


agttcacatg 


gaagagagct 


ccaacagaca 


gtgggcatga 


1520 


tacagtggtc 


atggaagtca 


cattctctgg 


aacaaagccc 


1560 


tgtagga-tcc 


cagtcagggc 


agtggcacat 


ggatctccag 


1600 


atgtgaacgt 


ggccatgctg 


ataacgccaa 


acccaacaat 


1640 


tgaaaacaat 


ggaggtggct 


tcatagagat 


gcagctgccc 


1680 


ccaggagaca 


acatcatcta 


tgttggggaa 


ctgagttatc 


1720 


aatggttcca 


aaaagggagt 


age at egg aa 


gagttttcca 


1760 


aaagaccaag 


aaaggcatag 


aaagactgac 


agtgataggg 


1800 


gagcacgcct 


gggacttcgg 


ttctgctgga 


ggctttctga 


1840 


gttcaattgg 


gaaggcgttg 


cacacggtcc 


ttggtggtgc 


1880 


tttcaacagc 


atcttcgggg 


gagtggggtt 


tctaccaaag 


1920 


cttctattag 


gagtggcatt 


ggcttggttg 


ggectgaaca 


1960 


tgagaaaccc 


tacaatgtcc 


atgagctttc 


tcttggctgg 


2000 


agttctggtt 


ttggccatga 


cccttggagt 


gggggcgtaa 


2040 


gttggctgcg 


ctgtg 






2055 



<210> SEQ ID HO 2 

<211> LENGTH: 2051 

<212> TYPE: DMA 

<213> ORGANISM: Russian spring summer encephalitis virus 



<220> FEATURE: 
<223> OTHER INFORMATION: genomic 

<400> SEQUENCE: 2 

gcagtagaca ggatgggttg gttgctggtt gttgtcctgt 40 

tgggagtgac acttgcagcc acagtgcgga aggaaagaga 80 

tggcaccacc gtgatcagag ctgaaggaaa agatgeggea 120 

acccaggtgc gtgtggaaaa tggcacctgt gtgatcctgg 160 

ccacggacat gggatcatgg tgtgatgatt cactaaccta 200 
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tgagtgtgtg 


accatagacc 


agggggagga 


accggttgac 


240 


gtggattgct 


cttgcaggaa 


tgttgatgga 


gtttacctgg 


280 


agtatgggcg 


gtgtggaaaa 


caagaaggat 


caagaacaag 


320 


gcgttcaglig 


ctgatcccat 


cccacgctca 


gggagatctc 


360 


acaggaaggg 


gacacaaatg 


gttagaaggg 


gattcattac 


400 


ggacgcacct 


cactagagtt 


gagggatggg 


tctggaagaa 


440 


taaagtgctc 


accctggcgg 


tgatcgccgt 


tgtgtggctg 


480 


accgtggaaa 


gtgtggtgac 


tcgggtcgcc 


gtagtggtgg 


520 


tgctcttgtg 


cctggctccg 


gtttatgcct 


cacggtgcac 


560 


acatttggaa 


aacagggatt 


ttgfctactgg 


cactcagggg 


600 


accactcgtg 


tgactctggt 


gttggaactg 


ggaggatgcg 


640 


tcaccataac 


agctgagggg 


aagccctcga 


tggatgtgtg 


680 


gcttgactcc 


atctaccagg 


agaaccctgc 


caagacacgt 


720 


gagtactgcc 


ttcacgcaaa 


actatcggat 


accaaagtcg 


760 


cggccagg~tg 


cccaacaatg 


ggacctgcca 


ctttggctga 


800 


agagcaccag 


agcggcacag 


tgtgtaagag 


agaccagagt 


840 


gatcgaggct 


ggggcaacca 


ttgtggatta 


tttggaaaag 


880 


gcagcattgt 


gacctgtgtc 


aaggcgtctt 


gtgaggcaaa 


920 


aaagaaagcc 


acaggacacg 


tgtatgacgc 


taacaaaatt 


960 


gtgtacacag 


tcaaagtaga 


gccgcacacg 


ggggattacg 


1000 


tcgctgctaa 


tgagactcac 


agtggaagaa 


aaaccgcgtc 


1040 


cttcacggtt 


tcctcggaga 


ggaccatctt 


gaccatggga 


1080 


gacrtacggag 


acgtgtcctt 


gttatgcaga 


ctagccagcg 


1120 


gtgttgacct 


tgctcagacc 


gtcatcctgg 


agcttgacaa 


1160 


gacctcagaa 


cacctaccga 


cggcctggca 


ggtccaccgg 


1200 


gatrtggttca 


atgatctggc 


cctaccgtgg 


aaacatgaag 


1240 


gggcacagaa 


ttggaacaac 


gcggaacggc 


tggttgagtt 


1280 


tggagctcca 


catgctgtga 


aaatggacgt 


gtacaacctt 


1320 


ggagaccaga 


ctggagtgtt 


gctcaaatca 


cttgctggtg 


1360 


ttcctgtggc 


gcacattgat 


ggaaccaagt 


accacctgaa 


1400 


aagtggccac 


gtgacatgcg 


aggtaggact 


agaaaaactt 


1440 


aagatgaaag 


gtcttacata 


cacaatgtgt 


gacaagacga 


1480 


aattcacgtg 


caaaagaatt 


ccaacagaca 


gtggacatga 


1520 


cacagtggtc 


atggaagttg 


cgttctctgg 


gaccaaaccc 


1560 


tgcaggatcc 


cggtgagggc 


cgtggcacac 


ggctccccgg 


1600 


atgtgaacgt 


ggccatgttg 


atgacaccca 


accccacaat 


1640 


cgaaaacaat 


ggcggtggct 


•tcatagaaat 


gcagttacct 


1680 


ccaggaga-ba 


atatcatcta 


tgttggggaa 


crtgagtcacc 


1720 


aatggttcca 


aaaagggagt 


agcattggaa 


gggt:ttttca 


1760 
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-continued 



aaaaaccaga aaaggcatag 


aaaggctgac agtgatcgga 


1800 


gaacatgcct gggattttgg 


ctctactggt ggtttcctga 


1840 


cctcggttgg taaggcgctg 


cacacagttc ttggcggtgc 


1880 


ctttaacagc ctttttggag 


gagtggggtt cttgcccaag 


1920 


atcctagtgg gagtggtcct 


ggcctggttg ggcctgaaca 


1960 


tgaggaatcc caccatgtcc 


atgagcttcc ttctggctgg 


2000 


aggactggtt ctggccatga 


cactcggagt gggagcttaa 


2040 


gttggctgtg c 




2051 



<210> SEQ ID NO 3 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: /note-"PCR primer sequence derived from genomic 
sequence reported in GenBank X03870" 

<400> SEQUENCE: 3 

gcagtagaca ggatgggttg gttg 24 



<210> SEQ ID NO 4 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: /note="PCR primer sequence derived from genomic 
sequence reported in GenBank X03870* 

<400> SEQUENCE: 4 

gcacagccaa cttaagctcc cactcc 26 



<210> SEQ ID NO 5 

<211> LENGTH: 28 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: /note-"PCR primer sequence derived from genomic 
sequence reported in GenBank U39292" 

<400> SEQUENCE: 5 

gcgacggaca ggatgggctg gttgctag 28 



<210> SEQ ID NO 6 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: /note-"PCR primer sequence derived from genomic 
sequence reported in GenBank 039292" 

<400> SEQUENCE: 6 

cacagcgcag ccaacttacg cccccactcc 30 



What is claimed is: 

1. A method for inducing a protective immune response to 
a tick-borne flavivirus protein in a mammal, comprising 

(i) preparing a nucleic acid encoding an antigenic deter- 
minant of a tick-borne flavivirus prM/E protein opera- 
tively linked to a CMV promoter operative in cells of 
a mammal, which nucleic acid is suitable for stably 
producing the antigenic determinant in a mammal; 



(ii) coating the nucleic acid in (i) onto carrier particles; 

(iii) accelerating the coated carrier particles into epider- 
mal cells of the mammal in vivo; and 

(iv) inducing a protective immune response in said mam- 
mal upon exposure to a tick-borne flavivirus. 

2. The method according to claim 1 wherein the carrier 
particles are gold. 

3. The method according to claim 1 wherein the tick- 
borne flavivirus prM/E protein is selected from the group 
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consisting of Russian spring summer encephalitis prM/E 
proteins, and Central European encephalitis prM/E proteins. 

4. The method according to claim 1 wherein the nucleic 
acid encodes a protein coding region comprising SEQ ID 
NO:l. 5 

5. A method for inducing a protective immune response to 
a tick-borne flavivirus protein in a mammal, comprising 

(i) preparing a nucleic acid encoding an antigenic deter- 
minant of a Russian spring summer encephalitis tick- 
borne flavivirus prM/E protein operatively linked to a 10 
promoter operative in cells of a mammal, which nucleic 
acid encodes a protein coding region comprising SEQ 
ID NO: 2 and is suitable for stably producing the 
antigenic determinant in a mammal; 

(ii) coating the nucleic acid in (i) onto carrier particles; 15 

(iii) accelerating the coated carrier particles into epider- 
mal cells of the mammal in vivo; and 

(iv) inducing a protective immune response in said mam- 
mal upon exposure to a tick-borne flavivirus. 20 

6. The method according to claim 1 wherein the nucleic 
acid encodes a protein coding region comprising SEQ ID 
NO: 1 and SEQ ID N0:2. 

7. A kit for inducing a protective immune response to a 
tick-borne flavivirus protein in a mammal, comprising pack- 25 
aged in association: 

(a) a nucleic acid encoding an antigenic determinant of a 
tick-borne flavivirus prM/E protein operatively linked 
to a CMV promoter operative in cells of a mammal, 
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which nucleic acid is suitable for stably producing the 
antigenic determinant in a mammal; 

(b) one or both of a coating solution and/or components 
of a coating solution; and 

(c) carrier particles. 

8. The kit of claim 7, wherein the tick-borne flavivirus 
prM/E protein is selected from the group consisting of 
Russian spring summer encephalitis prM/E proteins, and 
Central European encephalitis prM/E proteins. 

9. The kit of claim 7, wherein the nucleic acid encodes a 
protein coding region comprising SEQ ID NO:l. 

10. The kit of claim 7, wherein the nucleic acid encodes 
a protein coding region comprising SEQ ID NO:l and SEQ 
ID NO:2. 

11. A kit for inducing a protective immune response to a 
tick-borne flavivirus protein in a mammal, comprising pack- 
aged in association: 

(a) a nucleic acid encoding an antigenic determinant of a 
Russian spring summer encephalitis tick-borne flavivi- 
rus prM/E protein operatively linked to a promoter 
operative in cells of a mammal which nucleic acid 
encodes a protein coding region comprising SEQ ID 
NO:2 and is suitable for stably producing the antigenic 
determinant in a mammal; 

(b) one or both of a coating solution and/or components 
of a coating solution; and 

(c) carrier particles. 

***** 
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Naked DNA Vaccines Expressing the prM and E Genes of Russian 
Spring Summer Encephalitis Virus and Central European Encephalitis 
Virus Protect Mice from Homologous and Heterologous Challenge 
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Naked DNA vaccines expressing the prM and E genes of two tick-borne flaviviruses, Russian spring summer 
encephalitis (RSSE) virus and Central European encephalitis (CEE) virus were evaluated in mice. The 
vaccines were administered by particle bombardment of DNA-coated gold beads by Accell gene gun inoculation. 
Two immunizations of 0.5 to 1 jig of RSSE or CEE constructs/dose, delivered at 4-week intervals, elicited 
cross-reactive antibodies detectable by enzyme-linked immunosorbent assay and high-titer neutralizing anti- 
bodies to CEE virus. Cross-challenge experiments demonstrated that either vaccine induced protective immu- 
nity to homologous or heterologous RSSE or CEE virus challenge. The absence of antibody titer increases after 
challenge and the presence of antibodies to E and prM, but not NS1, both before and after challenge suggest 
that the vaccines prevented productive replication of the challenge virus. One vaccination with 0.5 fig of CEE 
virus DNA provided protective immunity for at least 2 months, and two vaccinations protected mice from 
challenge with CEE virus for at least 6 months. 



Tick-borne encephalitis (TBE) occurs over a wide area of 
Europe and the former Soviet Union. TBE is most frequently 
caused by infection with the flaviviruses Central European 
encephalitis (CEE) virus and Russian spring summer enceph- 
alitis (RSSE) virus. These viruses are antigenically and genet- 
ically closely related to one another and often are considered 
to be subtypes of the same virus. However, two different tick 
vectors transmit RSSE and CEE viruses (Ixodes persulcatus 
and Ixodes ricinus, respectively), and RSSE virus generally 
causes a more severe disease than does CEE virus (reviewed in 
reference 33). Also, RSSE and CEE viruses can be distin- 
guished by cross-neutralization (5) and by other serological 
tests (reviewed in reference 4). 

In parts of Europe, TBE cases have notably declined since 
the introduction in 1976 of a formalin-inactivated, chicken 
embryo-derived vaccine. The vaccine is based on an Austrian 
strain of CEE virus and elicited protective immunity in mice to 
the homologous CEE virus (strain Hypr) and to four strains of 
RSSE virus (18). Despite the success of this vaccine, it suffers 
the disadvantages commonly associated with inactivated virus 
vaccines such as the requirement for large-scale production 
and purification of a highly infectious human pathogen, the 
risk of incomplete inactivation of the virus, and the need to 
deliver the vaccine with adjuvant in a three-shot series (26). 
Also, this vaccine is not licensed for use in the United States. 

For these reasons, we are interested in developing an im- 
proved TBE vaccine. In this report, we describe two plasmid- 
based TBE candidate vaccines which express the premem- 
brane (prM) and envelope (E) genes of RSSE or CEE virus 
under control of a cytomegalovirus early promoter. We chose 
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the prM and E genes for expression because of earlier reports 
with other flaviviruses which indicated that coexpressed prM 
and E form subviral particles that are able to elicit neutralizing 
and protective immune responses in animals (22, 24, 35). Co- 
expression of prM and E of CEE virus also produced subviral 
particles that retained biological properties of complete virus 
such as membrane fusion and hemagglutination (39) and which 
were immunogenic in mice (15). 

To deliver our DNA vaccines, we chose to use the Accell 
gene gun (patent application W0 95/197991) (Geniva, Madi- 
son, Wis.). This instrument, which delivers DNA-coated gold 
beads directly into epidermal cells by high -velocity particle 
bombardment, was shown to more efficiently induce both hu- 
moral and cell-mediated immune responses, with smaller 
quantities of DNA, than inoculation of the same DNAs by 
other parenteral routes (8, 11, 13, 34). Epidermal inoculation 
of the DNA candidate vaccines also offers the advantages of 
gene expression in an immunologically active tissue that is 
generally exfoliated within 15 to 30 days and which is an im- 
portant natural focus of viral replication after tick bite (2, 27, 
36, 40). The experiments described here were intended to 
evaluate the elicitation of cross-protective immunity to RSSE 
and CEE viruses by DNA vaccines. 

MATERIALS AND METHODS 

Viruses, cells, and medium. Viruses were kindly provided by Robert Shope, 
Yale Arbovirus Research Unit, New Haven, Conn. Cell lines were obtained from 
the American Type Culture Collection. CEE virus, strain Hypr, was originally 
isolated in 1953 from a TBE patient in Czechoslovakia. RSSE virus, strain Sofjin, 
was originally isolated in 1937 from a TBE patient from the far eastern USSR 
(4). Langat virus was originally isolated in 1956 from ticks collected in Malaysia. 
RSSE and CEE viruses were propagated in Vero E6 cells, and Langat virus was 
propagated in LLC-MK 2 cells. Cells were maintained in Eagle s minimal essen- 
tial medium (EMEM) supplemented with 10% fetal bovine serum (FBS) and 
antibiotics. Propagation and assay of RSSE or CEE virus were carried out in a 
biosafety level 4 laboratory. 

Cloning of the prM and E genes of RSSE and CEE viruses. For reverse 
transcription (RT)-PCR amplification of the prM and E genes of RSSE and CEE 
viruses, specific oligonucleotide primers were designed to correspond to se- 
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CMV IE Promoter 




FIG. 1. Schematic of pWRG7077 containing prM and E genes of RSSE and 
CEE viruses. Genes were amplified by RT-PCR and cloned into Not\ and 
BamHl sites of pWRG7077. Characteristics of pWRG7077 are similar to those 
of p\VRGl602 described previously (8) and include a human cytomegalovirus 
immediate-early (CMV IE) promoter, intron A, a bovine growth hormone tran- 
scription terminator and potyadenylation signal (BGH pA), and a kanamycin 
resistance gene. 



quences previously reported for RSSE and CEE viruses (Genbank U39292 and 
X03870, respectively). For the forward primers, nucleotides were modified 
around the translation initiation codons (bold type below) to generate sequences 
with a favorable context for translation initiation (25). The forward and reverse 
primers for RSSE virus were 5 'GCAGTAGACAGG ATGGGTTGGTTG3' and 
5'GCACAGCCAACTrAAGCTCCCACTCC3', respectively. The forward and 
reverse primers for CEE virus were 5 ' GCGACGG ACAGGATGGGCTGGTT 
GCTAG3' and S'CACAGCGCAGCCAACrTACGCCCCCACTCCS', respec- 
tively. 

Total intracellular RNA of virus-infected Vero cells was extracted by using 
Trizol reagent (Gibco). For RT of the RSSE and CEE virus prM and E genes, 
the specific oligonucleotide primers and/or random primers were used with 
Superscript cDNA synthesis reagents (Gibco). The same specific primers were 
used to amplify the cDNA by PCR with Expand HiFi reagents (Boehringer 
Mannheim). PCR was carried out in a PCR 9600 thermocyder (Perkin-Elmer). 
PCR conditions were 40 cycles of 94°C for 40 s, 38°C for 45 s, and 72°C for 1 min, 
after which reactions were incubated at 72 C C for 5 min and then held at 4°C until 
used for cloning into the pCRII plasmid (Invitrogen). After verification of ori- 
entation, the cDNA inserts were excised from pCRII by digestion with EcoRV 
and Spel or by digestion with Notl and partial digestion with BamHl. The RSSE 
and CEE virus cDNAs were then cloned into the HindUl (blunt) and Nhe\ sites 
of pJW4303 (28) or the Not\ and BamHX sites of pWRG7077 (Fig. 1). 

Transient-expression assays of RSSE and CEE virus prM and E genes. For 
each assay, 5 n-g of pWRG7077 containing RSSE or CEE virus prM and E genes 
or control plasmid with no insert was mixed with 200 \l\ of OptiMEM medium 
(Gibco) with no antibiotics. A separate solution was prepared consisting of 40 id 
of Upofectin reagent (Gibco) in 200 \l\ of OptiMEM (Gibco). Both solutions 
were incubated at room temperature for 30 to 45 min, after which they were 
combined and incubation was continued at room temperature for 10 to 15 min. 
OptiMEM (1.6 ml) was then added to each assay, and the solution was placed 
onto monolayers of COS cells in 25-cm 2 flasks that had been rinsed one time with 
2 ml of serum- free EMEM. The cells were incubated for 7 h at 37°C, and then 
the Lipofection-DNA solution was removed and fresh OptiMEM with antibiotics 
was added and incubation was continued. At 26-h postinfection, the medium was 
removed from the cell cultures and replaced with EMEM without cysteine or 
methionine. After incubation for 1 h at 37°C, 200 y.Ci of ^S-labeled Promix 
(methionine and cysteine; Amersham) was added to each flask and the cells were 
incubated for 4 h at 37°C. The radiolabeling medium was then removed, and cells 
were lysed on ice with 1 ml of a buffer consisting of 10 mM Tris-HCl (pH 8.0), 
1 mM EDTA, 0.5 M NaCI, 4% Zwittergent 3-14 (Calbiochem-Behring), and 
protease inhibitors (Boehringer Mannheim). Cell nuclei were removed by cen- 
trifugalion for 5 min at 12,000 X g in a microcentrifuge. An aliquot (100 ftl) of 
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each supernatant was mixed with 5 u.1 of a hyperimmune mouse ascitic fluid to 
RSSE or CEE virus. After incubation on ice overnight, 100 uJ of 50% protein 
A-Sepharose (Sigma) in lysis buffer was added to each tube, and the samples 
were shaken at 4°C for 30 min. The Sepharose beads were recovered by centrif- 
ugation in a microcentrifuge and were washed three times with lysis buffer and 
one time with 10 mM Tris-HCl, pH 8.0. The beads were then boiled for 2 min in 
protein sample buffer and analyzed by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (PAGE) as described previously (1). 

Preparation of gene gun cartridges, immunization, and challenge of mice. 
Plasmid DNA was precipitated onto the outside surface of gold beads (approx- 
imately 2 p.M in diameter) as described previously (8). The DNA loads were 0.5 
to 1 ftg/mg of gold. The DNA-coated gold particles were dried on the inside walls 
of Tefzel tubing, which was then cut into 0.5-in sections to make cartridges for 
the gene gun (34). These cartridges each contained approximately 0.5 mg of gold 
coated with 0.25 to 0,5 p.g of DNA BALB/c mice (approximately 6 to 8 weeks 
old) were immunized by using the hand-held, helium-powered Accell gene gun to 
deliver approximately 0.5 to 1 u,g of DNA to the epidermis as described in 
Results and as reported previously (34). For challenge studies, mice were trans- 
ferred to a biosafety level 4 containment area and challenged by intraperitoneal 
inoculation of approximately 50 PFU of suckling mouse brain-passaged RSSE or 
CEE virus, a dose previously determined to be approximately 100 times the 50% 
lethal dose (LD 50 ) for BALB/c mice. Mice were observed daily for signs of illness 
and for death. This research was conducted in accordance with procedures 
described in the Guide for the Care and Use of Laboratory Animals (prepared by 
the Committee on Care and Use of Laboratory Animals of the Institute of 
Laboratory Animal Resources Commission of Life Sciences-National Research 
Council) (33a). The facilities are fully accredited by the American Association 
for Accreditation of Laboratory Animal Care. 

EL1SA. Direct immunoglobulin G enzyme-linked immunosorbent assay 
(ELISA) was performed by using methods similar to those described previously 
(6, 32), The viral antigen was prepared by detergent lysis of RSSE or CEE 
virus- infected Vero cells, and infectious virus was inactivated by gamma irradi- 
ation of lysates (6). One half of a 96-well polyvinylchloride microliter plate 
(Dynatech, Vienna, Va.) was coated directly with 100 uJ of viral antigen/well 
diluted in 0.01 M phosphate-buffered saline (pH 7.4) with 0.01% thimerosal 
(coating buffer) at a predetermined optimal dilution (1:1,000). The other half 
was coated with 100 u.l/well of a similarly treated negative antigen made from 
uninfected cells. Plates were wrapped in plastic wrap and incubated at 4°C 
overnight. The next day plates were washed three times with wash buffer (coating 
buffer and 1% Tween-20; 300 u-l/well/wash) by using an automatic plate washer 
(Biotek Instruments). All subsequent reagents added to the plates were diluted 
in wash buffer containing 5% skim milk (Difco). After the addition of each 
reagent, the plates were incubated in a moist environment at 37°C for 1 h and 
then washed three times. Serum samples were initially diluted in microliter tubes 
(Bio-Rad) and then further diluted from the microtiter tube into wells coated 
with either positive or negative antigen (final dilution, 1:100). Sera were screened 
at a 1:100 dilution or were serially diluted fourfold from 1:100 to 1:6,400 in the 
ELISA plate. The positive-control sera used were ascitic fluids from hyperim- 
munized mice inoculated with authentic homologous virus. Negative-control sera 
used were pre bleeds and controls from mice used in the study. After incubation, 
plates were washed and 100 u.1 of horseradish peroxidase-labeled goat anti- 
mouse immunoglobulin G antibody (200 ng/ml; Boehringer Mannheim) was 
added to each well. The substrate 2,2'-azino-di-3-ethylbenthiazoIine sulfonate 
(ABTS; Kirkegaard and Perry) was added, and plates were read at 410 nm with 
a Dynatech MR5000 reader and Lotus Measure. The readings were adjusted by 
subtracting the optical density (OD) of the negative antigen-coated wells from 
that of the positive antigen-coated wells. OD cutoff values were determined as 
follows. The mean of the adjusted OD values was determined for all the mouse 
prebleed and control samples and the standard deviation was calculated. The 
cutoff of the assay was the mean OD value plus 3 standard deviations rounded up 
to the nearest tenth. An OD value was considered positive if it was greater than 
or equal to this value. The titer was equal to the reciprocal of the last dilution 
that was above or equal to the OD cutoff value. A serum sample was considered 
positive if the titer was £ 1:100. 

PRNT assays. Twofold dilutions of sera (1:20 to 1:640) were prepared in 
EMEM supplemented with 10% FBS and antibiotics. Dilutions were incubated 
at 56°C for 30 min to inactivate complement and then were mixed with an equal 
volume of infectious RSSE or CEE virus in EMEM supplemented with 10% FBS 
and antibiotics to yield a mixture containing approximately 500 PFU of virus/ml. 
The virus-antibody mixtures were incubated at 37°C for 1 h and then stored at 
4°C overnight. The following day, 0.2 ml of the mixture was added to duplicate 
wells of six-well plates containing confluent monolayers of Vero E6 cells. The 
plates were incubated for 1 h (rocking gently every 15 to 20 min). The wells were 
then overlaid with 2 ml of 0.6% Seakem ME agarose (FMC Corp.) prepared in 
EMEM and supplemented with 5% FBS, nonessential amino acids, L-glutamine. 
and antibiotics. The plates were incubated at 37°C in 5% C0 2 for 6 days, after 
which a second overlay of 0.5% agarose in EMEM supplemented with 2.5% FBS 
and neutral red was applied. Plaques were visible 1 to 2 days later. The neutral- 
izing antibody titer was calculated as the reciprocal of the highest dilution 
resulting in an 80% reduction of plaques (80% plaque reduction neutralization 
titer [PRNTsol) compared to a control of virus with no added antibody. 
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FIG. 2. Transient expression of naked DNA plasmids in COS cells. Plasmids 
containing the RSSE or CEE virus prM and E genes or plasmids with no inserted 
gene (C) were transfected into COS cells and expression products were immune 
precipitated with antibodies to RSSE or CEE virus. Products were analyzed by 
PAGE and autoradiography- The positions of E, prM, and uncleaved prM and E 
(prM/E) are indicated. The sizes (kDa of molecular mass markers (M) are shown 
on the left 



Radiolabeling and immune precipitation of Langat virus proteins. Conditions 
for infection and radiolabeling of Langat virus proteins with [ 35 S]methk>nine 
were described previously (19). Briefly, Langat virus-infected LLC-MK 2 cell 
monolayers in 25-cm 2 flasks were radiolabeled 18 to 24 h after infection with 200 
jiCi of 35 S-labeled ProMix/ml. The cells were lysed in a buffer consisting of 400 
mM NaQ, 50 mM Tris HQ (pH 8.0), 1 mM EDTA, 1% Triton X-100, 0.2% 
deoxycholate, and protease inhibitors. Cell nuclei were removed by centrifuga- 
tion. Langat virus proteins were immune precipitated with 2 to 5 u.1 of experi- 
mental mouse sera and analyzed by sodium dodecyl sulfate-PAGE. 



RESULTS 

Cloning and transient expression of prM and E genes. 
Expression of the prM and E genes of RSSE and CEE 
viruses was assayed by transfection of plasmid pJW4303 
(28) or pWRG7077 (Fig. 1), containing the RSSE genes, or 
pWRG7077, containing the CEE genes, into cell cultures. 
Each of the constructs produced E, prM, and uncleaved prM/E 
which could be immune precipitated with antibodies to authen- 
tic viral proteins (Fig. 2). The cleavage of prM and E is thought 
to occur by cellular signal peptidase and that of prM and M by 
the action of another host enzyme, perhaps furin (37). 

Antigenicity of the candidate vaccines. BALB/c mice were 
immunized by delivery of DNA-coated gold beads to the ab- 
dominal epidermis by particle bombardment with helium pres- 
sure by using the Accell gene gun. For our first experiment and 
the first immunization of the second experiment, we used 
RSSE virus prM-E cloned into pJW4303 (28). For all subse- 
quent studies we used RSSE or CEE virus prM-E cloned into 
pWRG7077 (Fig. 1). The two plasmids have the same control 
elements, i.e., a human cytomegalovirus early promoter, intron 
A, and a bovine growth hormone polyadenylation-transcrip- 
tion termination signal. However, pWRG7077 does not con- 
tain the simian virus 40 origin of replication and it has a 
kanamycin resistance gene rather than an ampicillin resistance 
gene and is therefore more suitable for the development of 
human vaccines. 

In our initial experiment, 10 mice were immunized with the 
RSSE virus construct and 5 mice were immunized with 
pJW4303 with no insert. Each mouse received two shots in 
adjacent sites with a combined total of approximately 1 u,g of 
DNA. Four weeks after the first immunization, the mice were 
bled and a second immunization of two shots was given. Four 
weeks after the second immunization, the mice were bled again 
and sera were assayed by ELISA. All of the mice vaccinated 
with the RSSE virus construct had detectable responses to 



RSSE virus after one vaccination and all of them had increased 
responses after the second vaccination (Fig. 3A). None of the 
serum samples from the control mice displayed any reactivity 
with RSSE virus antigen (Fig. 3 A). 

To assess the ability of the RSSE virus DNA to elicit an 
antibody response to CEE virus, we performed a second ex- 
periment in which 10 mice were immunized as before with 
RSSE virus DNA and 5 mice were immunized with plasmid 
with no insert. Four weeks after the second vaccination, an 
ELISA was performed with RSSE or CEE virus antigen. An- 
tibody responses were detected to both antigens with sera from 
all vaccinated mice (Fig. 3B). 

To further evaluate the ability of the RSSE and CEE virus 
DNAs to elicit cross-reactive antibody responses, we per- 
formed a third experiment, in which we immunized 20 mice 
with RSSE virus DNA, 16 mice with CEE virus DNA, 16 mice 
with both RSSE and CEE virus DNA, and 18 mice with plas- 
mid with no insert. As before, two immunizations (each con- 
sisting of two gene gun shots) were given at 4-week intervals, 
but the DNA dose was reduced from 1 jxg to 0.5 u,g at each 
immunization. The mice were bled 4 weeks after the second 
immunization, and serum samples were assayed by ELISA. 
Unexpectedly, we found that although there was an initial 
response to the antigen, there was not a rise in response after 
the second immunization (not shown). From other experi- 
ments, we knew that 0.5 u>g of these DNAs was sufficient to 
elicit antibody responses in mice (not shown). Based on these 
results and those of other studies (not shown) we determined 
that a hardware modification to the gene gun (a brass insert 
which altered the helium flow and was intended to more evenly 
disperse the gold beads at the target inoculation site) resulted 
in reduced antigenicity. Consequently, we immunized the mice 
once more (4 weeks after the second immunization) with the 
RSSE, CEE and RSSE, or CEE virus DNAs. The mice were 
then bled, and ELISA titers of sera were determined for both 
RSSE and CEE virus antigen-coated plates (Fig. 4). As in 
earlier experiments, increases in ELISA titers were observed in 
the majority of the samples after this final immunization. The 
CEE virus antigen used to coat the ELISA plates was appar- 
ently not as concentrated as the RSSE virus antigen in that 
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FIG. 3. Antibody responses of mice to naked DNA vaccines as detected by 
ELISA. (A) Mice were immunized two times, 4 weeks apart, with 1 p.g of 
pJW4303/dose expressing the prM and E genes of RSSE virus. ELISA of RSSE 
virus antigen-coated plates containing sera collected just before the second 
immunization (1 vacc) or 4 weeks after the second immunization (2 vacc) was 
performed. (B) Mice were immunized once with 1 u-g of pJW4303 expressing the 
RSSE virus prM and E genes, and 4 weeks later, were immunized once with 1 jLg 
of pWRG7077 expressing the RSSE virus prM and E genes. ELISA of RSSE or 
CEE virus antigen-coated plates containing sera collected 4 weeks after the 
second immunization was performed. Controls for each experiment were com- 
parable plasmids with no gene insert. 
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FIG. 4. ELISA titers to RSSE and CEE viruses of mice immunized with 
RSSE, CEE. or RSSE and CEE virus DNAs. Mice were immunized three times 
at 4-week intervals with 0.5 fig of DN A/dose. Titers of sera were determined 4 
weeks after the final immunization. 



titers were uniformly lower with sera from both RSSE and 
CEE virus DNA-immunized mice (Fig. 4), 

Protective efficacy of the candidate vaccines. To determine if 
the DNA vaccines could protect mice from challenge with 
virulent RSSE and CEE viruses, we challenged mice from 
various experiments with either virulent RSSE or virulent CEE 
virus. A summary of the challenge results from four experi- 
ments is shown in Table 1. All 55 of the mice immunized with 
plasmids containing the RSSE or CEE virus genes remained 
healthy after virus challenge. In contrast, all 27 control mice 
(18 immunized with plasmid lacking an insert and 9 nonimmu- 
nized mice) displayed symptoms of infection after virus chal- 
lenge; 14 of 17 mice died after challenge with RSSE virus, and 
8 of 10 mice died after challenge with CEE virus. 

Neutralizing antibody and sterile immunity. Neutralizing 
antibodies correlate with protective immunity to tick-borne 
flaviviruses, as has been demonstrated in mice by passive trans- 
fer of neutralizing monoclonal antibodies to M and E (16, 19). 
We measured the neutralizing antibody responses elicited by 
the vaccines in mice from the third experiment just before 
challenge. Because we found that CEE virus produced clearer, 
more easily discernible plaques than did RSSE virus, and be- 
cause infectious virus assays required biosafety level 4 contain- 
ment, we performed all PRNT 80 assays only with CEE virus. 
PRNTgoS to CEE virus were higher for mice immunized with 
CEE virus DNA or with RSSE and CEE virus DNA than for 
those immunized only with RSSE virus DNA. Such results are 
consistent with previous studies which differentiated RSSE vi- 
rus and CEE virus on the basis of cross-neutralization with 
polyclonal sera (5). We found that ail of the mice except one 
had prechallenge neutralizing antibody titers of >40 (Fig. 5). 
For samples in which an endpoint titer was reached, postchal- 
lenge neutralizing antibody titers were generally the same as or 
lower than prechallenge titers, suggesting a protection from 
infection (Fig. 5). For samples with prechallenge titers of 
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FIG. 5, Plaque reduction neutralization by pre- and postchallenge sera of 
mice immunized with naked DNA vaccines expressing the prM and E genes of 
RSSE, CEE, or RSSE and CEE viruses. Twofold dilutions of sera from 1:20 to 
1:640 were used in PRNT assays with CEE virus. PRNTs are listed as the greatest 
dilution of serum which resulted in £80% reduction of the number of plaques 
observed in controls incubated with serum from mice vaccinated with control 
plasmids. 



>640, we also assayed pooled sera to estimate an endpoint 
titer. For the pooled serum samples from the CEE virus chal- 
lenge group (mice 109 to 116), the PRNT 80 s were 1,280 both 
before and after challenge. These results are also consistent 
with abortive infection by the challenge virus. The same results 
were obtained with postchallenge sera from the RSSE virus 
challenge group, i.e., the same or lower titers after challenge, 
but the results are not included in Fig. 5 because of the prob- 
lem mentioned above with regard to invalid controls. 

As another means to measure sterile immunity, we immune 
precipitated radiolabeled Langat virus proteins with sera from 
mice vaccinated with RSSE or CEE virus DNA both before 
and after challenge with RSSE or CEE virus. Langat virus was 
used rather than RSSE or CEE virus for these experiments 
because we previously demonstrated that Langat proteins are 
cross-reactive with RSSE and CEE virus antibodies (19) and 
because we were able to use Langat virus at biosafety level 3 
containment rather than at level 4. We expected that vacci- 
nated mice would have antibodies to Langat virus E but not 
NS1. Postchallenge sera would also display reactivity only with 
E if the mice were not productively infected with the challenge 
viruses. If they were infected, however, we expected to also see 
reactivity with NS1. In addition to pooled samples, individual 
sera from mice 107 and 112 were assayed as representatives of 
samples for which a higher postchallenge than prechallenge 
PRNT was observed. Analysis of the immune precipitation 
products by PAGE revealed that although both E and NS1 
proteins were clearly precipitated by polyclonal hyperimmune 
mouse ascitic fluids to RSSE or CEE virus, NS1 was not evi- 
dent in any of the pre- or postchallenge sera from experimental 
mice (Fig. 6). The pooled sera from mice 109 to 116 did have 
a faint band in the area expected for NS1 (Fig. 6A), so these 



TABLE 1. Mortality of mice immunized with RSSE, CEE, or RSSE and CEE virus naked DNA vaccines and 

challenged with RSSE or CEE virus 



No. dead/total no. 



Virus(es) used 
for vaccine 


Challenge 
virus 


Replicate 1 




Replicate 2 




Overall 






Vaccinated 


Control 


Vaccinated 


Control 


Vaccinated 


Control 


CEE 


CEE 


0/7 


6/8 






0/7 


6/8 


0.006 


CEE 


RSSE 


0/10 


9/9 






0/10 


9/9 


0.00001 


RSSE 


CEE 


0/5 


2/2 


0/10 


6/8 


0/15 


8/10 


0.0006 


RSSE 


RSSE 


0/10 


2/5 


0/10 


3/3 


0/20 


5/8 


0.0003 


RSSE + CEE 


CEE 


0/8 


6/8 






0/8 


6/8 


0.002 



° Values determined with the test for homogeneity of odds ratios by using the StatXact-Turbo program from Cytel Software Corp., Cambridge, Mass. 
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FIG. 6. Immune precipitation of radiolabeled Langat virus proteins with pre- 
(lanes 1) and postchallenge (lanes 2) sera from mice vaccinated with naked DNA 
vaccines expressing the prM and E genes of CEE, RSSE, or RSSE and CEE 
viruses. Immune precipitation products were analyzed by PAGE and autoradiog- 
raphy. Control sera were hyperimmune mouse ascitic fluids (HMAF) to authen- 
tic RSSE or CEE virus. The mouse numbers shown above each autoradiograph 
correspond to those in Fig. 4 and 5. (A) Immune precipitation results obtained 
with pooled sera, except for those labeled 107 and 112, which are individually 
analyzed scrum samples, (B) Immune precipitation results for sera from the two 
controls that survived challenge with CEE virus. (C) Immune precipitation re- 
sults from individual serum samples in group 109 to 116. The sizes (kDa) of 
molecular mass markers (M) are indicated on the right of panel A. 



samples were assayed individually for reactivity with Langat 
virus proteins. None of these samples immune precipitated 
Langat virus NS1 (Fig. 6C). Therefore, the immune precipita- 
tion results and the PRNT results both suggest that sterile 
immunity was induced in the vaccinated mice. 

Duration of protective immunity after vaccination. We ex- 
amined the length of immunity induced by one or two vacci- 
nations with approximately 0,5 u,g of DNA given at various 
intervals as described in Table 2. Individual serum samples 
were analyzed by ELISA, and geometric mean titers of each 
group were calculated for samples collected immediately be- 
fore a subsequent vaccination or immediately before challenge 
(Table 2). All mice that received one vaccination or two vac- 
cinations 4 weeks apart were protected from challenge at 8 
weeks after the first vaccination. Two vaccinations, given at 4-, 
8-, or 12-week intervals protected all but two mice from chal- 
lenge 6 months after the initial vaccination (Table 2). 



DISCUSSION 

The use of nucleic acid vaccines to elicit protective immunity 
to a variety of viruses has been demonstrated in numerous 
experimental models (for reviews see references 41-44). In the 
studies reported here, gene gun administration of microgram 
quantities of DNA encoding the prM and E genes of RSSE or 
CEE virus was effective for inducing homologous and heterol- 
ogous protective immunity in mice. We designed our candidate 
vaccines to take advantage of earlier findings that showed that 
coexpressing prM and E results in the formation of secreted 
antigenic and immunogenic subviral particles (15, 22-24, 35). 
Such subviral particles, consisting of heterodimers of prM and 
E, are also a byproduct of normal flavivirus morphogenesis, 
i.e., the so-called slowly sedimenting hemagglutinins (14, 30, 
38). The enhanced immunogenicity of these particles is in part 
due to the inability of E to assume a native conformation in the 
absence of prM (22). So, although passively transferred neu- 
tralizing monoclonal antibodies to E can protect animals from 
subsequent flavivirus challenge (3, 12, 16, 19-21, 29, 31), active 
immunization with expressed, soluble E is not as efficient as 
prM and E together for inducing protective immunity (15). 

As indicated above, neutralizing antibodies to E are, by 
themselves, sufficient to protect mice, and presumably humans, 
from CEE virus. Thus, although DNA vaccines delivered to the 
epidermis by gene gun inoculation efficiently induce both cell- 
mediated and humoral immune responses (13, 34), we were 
most interested in analyzing the induction of neutralizing an- 
tibodies as a correlate of protection. Our vaccination strategy 
of two immunizations of 0.5 to 1 n-g of DNA delivered at 
4-week intervals was based on optimal parameters determined 
for gene gun inoculation of a reporter gene (8). In those 
studies, it was determined that microgram quantities of DNA 
were sufficient for maximal protein expression and the elicita- 
tion of antibodies to the expression product. Increasing the 
amount of DNA from 0.1 to 5 u,g of DNA per mg of gold did 
not result in higher expression levels, and it was suggested that 
the 300 copies of DNA found on a typical gold bead (0.1 u-g 
DNA/mg of gold) are all that a single cell can efficiently express 
(8). Although we did not test lesser amounts of DNA, we did 
investigate other immunization schedules. Our finding that one 
vaccination with 0.5 u,g of DNA can protect mice for at least 2 
months and two vaccinations can protect for at least 6 months 
suggests that the immune response generated is long-lived and 
offers encouragement for further development of this vaccine 
for human use. 

Interestingly, although all of our challenge studies were per- 
formed with 100 LD 50 of RSSE or CEE virus, some of our 
control mice that were vaccinated with the plasmid with no 



TABLE 2. Antibody responses and duration of protective immunity elicited by CEE virus DNA vaccine" 


Group 


No. of vaccinations 
(interval [wk]) 


Wk of 

challenge 




Antibody GMT (rangef 




No. survived/ 
no. in grour/ 


1st vaccination' 


2nd vaccination*' 


Postchallenge 


CEE1 


1 


8 


100(<10(MOO) 




4,032 (1,600-12,800) 


9/9 


CEE2 


2(4) 


8 


<100 (<100) 


606 (400-1,600) 


1,600 (400-6,400) 


10/10 


CEE3 


2(4) 


24 


53.6 (<100-100) 


162.5 (< 100-400) 


2,743 (400-12,800) 


9/10 


CEE4 


2(8) 


24 


75.8 (<100-100) 


348.2(100-1,600) 


1,600(400-6,400) 


10/10 


CEE5 


2(12) 


24 


ND* 


75.8(<100-100) 


800(100-1,600) 


4/5 



" Vaccine administered with gene gun. See Materials and Methods for details. 

* GMT, geometric mean titer. 

c Blood samples for groups CEE1 to -4 were collected 8, 4, 4, and 8 weeks after vaccination, respectively. 

d Blood samples for groups CEE2 to -5 were collected 4, 20, 16, and 12 weeks after the second vaccination, respectively. 

* ND, not determined. 

'0/19 unvaccinated controls survived challenge. 



9568 SCHMAUOHN ET AL. 



J. Virol. 



insert did not die (although they did display symptoms of 
infection). In contrast, all of our unvaccinated control mice 
died. Although we did not investigate this further, it is possible 
that enough nonspecific immunity is induced by gene gun in- 
oculation to shift the LD 50 curve. 

The RSSE and CEE virus cross-reactive immunity that we 
observed was not surprising in that the prM and E polyp rotein 
expression products of the two viruses are 94% identical. Nev- 
ertheless, it is known that certain E-specific monoclonal anti- 
bodies differentiate RSSE and CEE viruses and that minor 
changes in E can result in altered neuroinvasiveness in mice 
(17, 18). Consequently, although either of our DNA vaccines 
by itself may be sufficient for immunity to TBE-causing flavi- 
viruses, it may be prudent to include both DNAs in a vaccine 
developed for humans. 

In some of our experiments, not only did our candidate 
vaccines protect mice from death and illness after challenge, 
but they apparently prevented replication of the challenge vi- 
rus, as indirectly measured by the absence of antibody titer 
increases and the absence of NSl-specific antibodies after chal- 
lenge. Of course, neither of these methods is sensitive enough 
to detect low levels of virus replication, so it is possible that the 
challenge virus did establish an infection but was quickly elim- 
inated. If sterile immunity did occur, we assume that it was 
related to neutralization of the challenge virus by circulating 
antibodies. Among the mechanistic possibilities for this are 
prevention of adsorption of virus to host cell receptors or 
alteration of the conformation of the viral envelope proteins to 
perturb entry of the virus into the host cell (7). Whichever 
mechanism occurred, sterile immunity was apparently not re- 
quired for protective immunity. This is evidenced by the large 
increases in antibody titers after challenge of some of the mice 
in our duration of immunity experiments. 

In conclusion, we feel that the DNA-gene gun technology 
offers great promise for a new generation of vaccines for TBE. 
For the future use of our vaccines, it is imperative that we 
demonstrate that they can elicit neutralizing and protective 
responses in primates as well as in mice. The technology is still 
new and is undergoing constant modifications and revisions. 
Nevertheless, gene gun inoculation of other DNAs, in quanti- 
ties similar to those in our studies, effectively induced immune 
responses in larger animals such as pigs and nonhuman pri- 
mates (9, 10). Thus, we expect that the amount of DNA 
needed for successful vaccination will not present a technical 
barrier. Also, because gene gun delivery of a candidate virus 
vaccine for hepatitis B (Geniva) was recently approved for use 
in a human clinical trial, we anticipate no regulatory obstacles 
for its eventual use in TBE vaccines for humans. 
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Double-subgenomic Sindbis virus (dsSlIM) recombinants that express cassettes encoding prM-E or a C-terminally truncated 
form of E of Japanese encephalitis virus (JEV) were constructed. The products were efficiently expressed In both mammalian 
and mosquito cell lines Infected with the dsSIN recombinants. However, suppression of prM-E secretion from mammalian 
cells infected with dsSIN-prM-E recombinants was observed. This suppression was more pronounced late in infection (<5% 
of total product was secreted during an 8-hr chase) than early in infection (1 5% secretion during a 6-hr chase). In comparison, 
a vaccinia virus-prM-E recombinant (vP829) described previously (E. Konishi ef aU (1991) Virology 185, 401 -410) was shown 
to secrete 35-50% of total product during a 6- to 8-hr chase both early and late in infection. In contrast secretion of prM- 
E from dsSIN-prM-E-infected mosquito (C6/36) cells was found to be efficient (>50% during an 8-hr chase). The prM-E 
secreted from both mammalian and mosquito cells was in the form of subviral particles as determined by velocity gradient 
centrifugation, sensitivity to nonionic detergent, and analysis of processing of N-linked glycans. The truncated E protein 
expressed by the dsSIN recombinants was secreted efficiently from both mammalian and mosquito cells. Coinfection 
experiments with the dsSIN-JEV recombinants + wild-type vaccinia virus and vP829 + SIN demonstrated that the reduced 
level of secretion of subviral particles exhibited by the dsSIN-JEV recombinants was due to an inhibitory effect of the dsSIN 
vectors. Furthermore, this inhibitory effect was accounted for by the SIN nonstructural proteins since SIN replicons that 
express prM-E cassette In place of the SIN structural protein open reading frame exhibited a low level of subviral particle 
secretion. No self-propagatfng infectious particles were produced in cells transfected with SIN replicons thai encode the 
JEV prM-E cassette. The suppression of subviral particle secretion was apparently correlated with the Inhibition of cell 
protein synthesis which is mediated In SIN-Infected vertebrate ceils by expression of the SIN nonstructural proteins. 

C 1995 Academic Press, Inc. 



INTRODUCTION 

Several virus-based vectoring systems for the expres- 
sion of heterologous proteins are currently in use. Re- 
cently, a new expression system was developed based 
on two alphaviruses (members of the Togaviridae family): 
Sindbis virus (SIN) and Semliki Forest virus (SFV) 
(Bredenbeek and Rice, 1992; LiljestrOm and Garotf, 1991; 
Schlesinger, 1993; Xiong et ai. t 1989; Hahn et aL, 1992). 
The alphavirus genome consists of a single-stranded 
RNA molecule of positive polarity that is roughly 1 1,800 
bases in length (reviewed in Strauss and Strauss, 1994). 
The 5' two-thirds of the genomic RNA contains an open 
reading frame (ORF) which encodes replicase proteins 
necessary for the virus RNA synthesis. RNA amplification 
is initiated by the synthesis of a genome-length, negative- 
polarity RNA, which serves as a template for synthesis 
of both the genome RNA and a subgenomic RNA that 
consists of sequences from the 3' terminal one-third of 
the genome RNA and serves as an mRNA for the struc- 
tural proteins. Synthesis of the subgenomic RNA is initi- 
ated at an internal promoter sequence (known as the 
subgenomic promoter) on the negative-polarity template. 

1 To whom reprint requests should be addressed. 



Alphavirions consist of an icosahedral nucleocapsid 
composed of multiple copies of the capsid protein C and 
the viral RNA surrounded by a lipid bilayer of the cellular 
origin In which virus-encoded glycoproteins E1 and E2 
are embedded. 

Genome-length cDNA clones from which infectious 
RNA can be transcribed in vitro have been constructed 
for several alphaviruses {Rice et a/., 1987; Davis et al., 
1989; LiljestrOmef s/.. 1991; Kuhnefa/., 1991). Two types 
of expression vectors based on the genomic cDNA 
clones of SIN and SFV have been developed, both of 
which take advantage of the high level of subgenomic 
RNA that accumulates in alpha virus-infected cells (re- 
viewed by Bredenbeek and Rice, 1992). One type of vec- 
tor, termed dsSIN, has two subgenomic promoters lead- 
ing to synthesis of two subgenomic RNAs: one which 
directs synthesis of the heterologous protein and the 
second which directs synthesis of the viral structural 
proteins (Hahn etai, 1992; Raju and Huang, 1991). This 
vector is self-replicating and capable of production of 
infectious viral particles. In the second type of vector, 
the heterologous sequences replace the structural pro- 
tein ORF (Xiong et at., 1989; LiljestrSm and Garoff, 1991). 
When introduced into cells, this type of vector self-repli- 
cates and hence is known as a repiicon. Although repli- 
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cons give rise to high levels of heterologous protein pro- 
duction, they are designed not to produce infectious par- 
ticles unless the cells are cotransfected with defective 
helper RNAs that produce the structural proteins. Re- 
cently, however, cells transfected with an SFV replicon 
that contained the G glycoprotein of vesicular stomatitis 
virus (VSV) were found to release infectious particles 
that consisted of the replicon RNA surrounded by a lipid 
envelope in which the G protein was embedded (Rolls 
eta/., 1994). 

Our long-term goal is to develop an expression and 
vaccine vector based on a live, attenuated vaccine strain 
of rubella virus. Rubella virus is a member of the Rubi- 
virvs genus of the Togavihdae family and has a replica- 
tion strategy similar to the alphaviruses {reviewed in Frey, 
1994). As a first step in this project, we examined the 
properties of dsSIN recombinants expressing proteins 
of Japanese encephalitis virus (JEV), one of the most 
important human pathogens of the family Flaviviridae 
(Shope, 1980; Monath, 1986). The flavivirus genome is a 
single-stranded, positive-polarity RNA of roughly 11,000 
nucleotides in length. Flavivirions consist of a nucleocap- 
sid containing the genomic RNA and multiple copies of 
a capsid protein C (14 kDa), which is surrounded by a 
lipid bilayer with two embedded virus-specified proteins: 
a small nonglycosylated membrane protein, M {7-8 kDa), 
and an envelope protein, E (55-60 kDa) (Heinz and Roeh- 
rig, 1990). The flavivirus genomic RNA contains a single 
long ORF which is translated into a large precursor that 
is proteolytically processed by cellular and virus-specific 
proteases. In the polyprotein precursor, these individual 
proteins are in the order C-prM-E-NS1 -NS2A-NS2B- 
NS3-NS4A-NS4B-NS5, where prM is a glycosylated 
precursor of the M protein and NS1 through NS5 are 
nonstructural proteins (reviewed by Chambers ef ai., 
1990). 

Previous studies using a vaccinia virus recombinant 
that expresses a JEV prM-E cassette (vP829) demon- 
strated efficient secretion from infected cells of subviral 
particles consisting of membrane containing both prM 
and E. vP829 induced protective immunity against neu- 
rovirulent JEV when used to inoculate mice (Konishi et 
ai, 1991, 1992). We constructed dsSIN recombinants that 
expressed similar prM-E cassettes. Interestingly, sup- 
pression of subviral particle secretion was observed in 
mammalian cells infected with dsSIN-prM-E recombi- 
nants. In this report, we describe our studies on this 
phenomenon, which show that suppression of subviral 
panicle secretion is mediated by the SIN nonstructural 
proteins. 

MATERIALS AND METHODS 

Cell lines, plasmids, and virus strains 

SIN plasmid vectors were provided by C. M. Rice 
(Washington University School of Medicine). The plas- 
mids pTE5'2J and pTE3'2J (Hahn et al„ 1992; Raju and 



Huang, 1991; Bredenbeek and Rice, 1992) both contain 
a cDNA copy of SIN genome and are designed for con- 
struction of SIN recombinants that express heterologous 
products from inserts situated either before (5' recombi- 
nants) or after {3' recombinants) the structural protein 
ORF in the SIN genome. The plasmid pSINrep5 (Breden- 
beek ef e/., 1993) is designed to generate recombinant 
replicons that express heterologous products from in- 
serts cloned in place of the SIN structural proteins. The 
vaccinia virus recombinant vP829, which expresses a 
JEV prM-E cassette, has been previously described (Ko- 
nishi et al. t 1991, 1992). Vaccinia virus recombinants 
vNS1234 {which expresses the SIN nonstructural pro- 
teins), vNS1 X 2 X 3 x 4(s) (in which the cleavage sites 
between the individual nonstructural proteins have been 
mutated leading to production of precursor for the SIN 
nonstructural proteins; Lemm and Rice, 1993), and vTM3/ 
SIN/S (which expresses the SIN structural proteins; B. 
PrSgai and C. M. Rice, unpublished) were provided by 
C. M. Rice. The vaccinia virus recombinant vTF7-3, which 
expresses T7 RNA polymerase {Fuerst et al., 1986), was 
obtained from B. Moss. The IHD-J strain of vaccinia virus 
(Stern and Dales, 1974) was used as a wild-type vaccinia 
virus strain. Unless otherwise specified, BHK-21 cells 
(called BHK cells throughout the text of the article), Vero 
cells, and HeLa cells were maintained at 35° in Dulbec- 
co's MEM (DMEM) supplemented with 10% fetal bovine 
serum (FBS). The C6/36 mosquito cell line {AedesA/bo- 
pictus) was grown at 28° as described by Tesh (1979). 
All experiments with mammalian cells were done at 35° 
and all experiments with C6/36 cells were done at 28°. 

Construction of recombinant plasmids 

Restriction enzymes, calf intestinal alkaline phospha- 
tase, and T4 DNA ligase were obtained from New En- 
gland Biolabs or Boehringer Mannheim Biochemicals. 
Standard recombinant DNA techniques were used (Ma- 
niatis et ai, 1982) with minor modifications for cloning, 
screening, and plasmid purification. Nucleic acid se- 
quences were conlirmed using a dideoxy chain-termina- 
tion sequencing kit (United States Biochemicals, Cleve- 
land. OH). 

The plasmid pARJia (P. W. Mason, unpublished data), 
which was constructed by combining two JEV cDNA 
clones, PM-7 and PM-6 (McAda et ai, 1987), and con- 
tains the C-prM-E-NSl encoding region of JEV genome, 
was used as a template for generation of the JEV cas- 
settes which were introduced into the SIN vectors: 80%E 
fragment and two variants of prM-E cassette (with differ- 
ent length of prM signal sequence; Fig. 1B). These cas- 
settes were synthesized by means of PCR using thermo- 
stable Deep Vent DNA polymerase (New England 
Biolabs) and sets of synthetic oligonucleotide primers: 
5'-GC TCTAGA CCATGAACAAAAGAGGAGG and 5'-GC- 
ACA TCTAGATCAA GCATGCACATTGG for the v5'ME, 
v3'ME, and repME constructs; 5 ' -G CG TCTAG A C CATGT - 
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GGCTCGCGAGCTTG and 5 f -GCAC ATCTAGATCAA GCA- 
TGCACATTGG for vM3'ME and MrepME; and 5'-CGA- 
TAC TCTAGA CCATGCTTGGCAGTAAC and 5 r -GCCTCT- 
AGATCA TCCAGCCTTGTGCC for v5'80%E and v3'80%E. 
In each pair, both primers contained anXba\ site (under- 
lined) to facilitate cloning into the Xba\ site in the poly- 
linker region in the SIN vectors. Since all cassettes were 
from internal sequence of the JEV ORF, artificial start and 
stop codons were included into each pair of primers 
(bold underlined). In the PCR reactions 20 ng of pARJIa 
was combined with 0.5 /ig of each primer in a 100-jxl vol 
of Vent DNA polymerase buffer (New England Biolabs) 
containing 200 \iM dNTPs and 20 units/ml Deep Vent 
DNA polymerase. A protocol of 25 cycles of 1 min @ 92°, 
2 min @ 45°. and 2 min @ 72° was employed. The PCR 
products were digested with Xba\ and ligated with de- 
phosphorylated Xbal-linearized pTE5'2J, pTE3'2J, or 
pSINrepB. Competent MC1061 Escherichia coli cetls 
were then transformed with the ligation mixtures and 
the plasmids containing the JEV insert in the desired 
orientation were identified by restriction analysis. 

Preparation of the dsSIN recombinant viruses 

Recombinant SIN expression plasmids containing JEV 
cassettes were digested with Xho\, phenol-chloroform 
extracted, and ethanol precipitated. The linearized tem- 
plates (roughly 0.5 fig per transcription) were transcribed 
in vitro using 25 units o1 SP6 RNA polymerase (Epicentre 
Technologies) for 1 hr at 37° in a 25-/xl volume of buffer 
provided by the manufacturer containing 1 mM NTPs 
(Pharmacia), 2 mM 5' cap analog (7 m G5'ppp5'G), and 40 
units of RNAsin (New England Biolabs). Approximately 1 
tig of each RNA transcript was used for electroporation 
of BHK cells according to the procedure of Liljestrom et 
ai (1991). Media was collected from cells electroporated 
with infectious constructs 20-24 hr after plating, clarified, 
and stored at -70°. Cells electroporated with SIN-JEV 
replicons were radiolabeled for analysis 16 hr after 
plating. 

Infection of the cells and radiolabeling 

BHK, Vero, HeLa, or C6/36 cell monolayers grown in 
24-mrn plates were infected with SIN or dsSIN-JEV re- 
combinants diluted in maintenance medium at an m.o.i. 
of 10 PFU/cell. BHK ceils were infected with vaccinia 
virus recombinants at an m.o.i. of 10 PFU/cell. In coinfec- 
tion experiments, BHK cell monolayers were infected at 
an m.o.i. of 10 PFU/cell for each virus. Following adsorp- 
tion for 1 hr, the virus inoculum was removed and the 
cells were incubated in DMEM containing 2% FBS. At 
the time postinfection indicated in each experiment, the 
medum was replaced with methionine (Met)-free medium 
containing 2% FBS. 45 min later [^methionine (Amer- 
sham; 1000 Ci/mmol) was added to a concentration of 
100 /xCi/ml. Following incubation for 1 hr the medium 
containing radiolabel was removed, the cells were rinsed 



two times with PBS, maintenance medium containing no 
radiolabel was added, and the cells were incubated for 
the indicated time and then lysed as described below. In 
cycloheximide treatment experiments, radiolabeling was 
for 20 min followed by a chase with maintenance medium 
containing 50 /xg/ml of cycloheximide. 

Radioimmunoprecipitations and polyacrylamide gel 
electrophoresis 

Following the radiolabeling protocol, the culture fluid 
was removed from the cells, clarified by centrifugation 
at 7000 g for 5 min, and frozen at -70° until use. The 
ceil monolayer was rinsed with PBS, lysed in a volume 
of RIP buffer [1% NP-40, 0.5% Na deoxycholate, 0.1% SDS 
in TNE buffer (10 n\M Tris-HCI, pH 7.6, 150 mM NaCI, 
3 mM EDTA)] equal to the volume of the removed culture 
fluid, clarified by centrifugation, and frozen at -70° until 
use. Two monoclonal antibodies (MAbs), one specific for 
the JEV E protein (J3-11B9; Mason, 1989) and the other 
specific for the JEV prM/M protein (J2-2F1; Mason ef a/., 
1987) were used for radioimmunoprecipitation (RIP). 
Equal aliquots of the culture fluids and cell lysates (usu- 
ally 100 n\) were used in RIPs. Prior to RIP, one-tenth 
volume of 1 0x-concentrated mixture of RIP detergents 
(10% NP-40, 5% Na deoxycholate, 1% SDS in TNE buffer) 
was added to the culture fluids. Each 100-/il aliquot was 
mixed with 1 j/l of ascitic fluid containing the MAb and 
incubated overnight at 4°. One-eighth volume of a 50% 
suspension of protein A-Sepharose (Pharmacia) pre- 
pared in RIP wash buffer (0.5% NP-40, 0.5% Na deoxycho- 
late in TNE) was then added to each RIP sample and 
the samples were rotated for 1 hr at room temperature. 
The protein A-Sepharose was pelleted by microcentrifu- 
gation, washed three times with RIP wash buffer, and 
suspended in 20 ii\ of sample buffer (62.5 mM Tris-HCI, 
pH 6.8, 2% SDS, 5% 0-mercaptoethanol, 10% glycerol, 
0.02% bromphenol blue). The bound JEV antigens were 
released from the protein A-Sepharose by boiling for 2 
min. Following pelleting of the protein A-Sepharose 
beads, the proteins in the supernatant were resolved 
on 7.5-25% gradient polyacrylamide minigels (Hoefer) 
(Laemmli, 1970). Following electrophoresis the gels were 
fixed for 15 min in 10% ethanol, 7% acetic acid, dried, 
and autoradiographed. The dried gels were also exposed 
to a Fuji imaging plate for 1-3 hr and subsequently the 
plate was scanned in a Fujix BAS1000 Bio Imaging Ana- 
lyzer (Fuji Photo Film, Japan). The intensity of radiation 
corresponding to each individual protein band was mea- 
sured using software provided by the manufacturer. The 
efficiency of protein secretion as expressed throughout 
the text was calculated as the percentage of labeled 
secreted protein out of total amount of radiolabeled pro- 
tein (secreted plus intracellular). 

Velocity gradient centrifugation 

Two hundred microliters of clarified culture fluid from 
radiolabeled cells was applied to a 5-20% continuous 
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sucrose gradient [w/w, prepared with buffer A (10 rc\M 
Tris-HCI. pH 7.5, 0.4 M NaCI, 1 mM EDTA)]. A second 
sample, to which 0.1% Triton X-100 was added, was ap- 
plied to a parallel 5-20% sucrose gradient prepared with 
buffer A containing 0.1% Triton X-100. The gradients were 
centrifuged for 3.5 hr at 35.000 rpm in SW.41 rotor, Beck- 
man L8-M ultracentrifuge. at 4°. Aliquots (50 fx\) of the 
fractions collected after centrifugation were combined 
with 1 ml of Opti-Fli/or scintillation fluid (Packard) and 
counted by liquid scintillation spectroscopy. Aliquots 
(200 //I) of the gradient fractions were also diluted with 
an equal volume of 2X RIP detergents (2% NP-40, 1% Na 
deoxycholate, 0.2% SDS) and the proteins were immuno- 
precipitated and analyzed as described above. 

Indirect immunofluorescence assay (IFA) 

BHK cell monolayers grown in eight-well chamber 
slides for IFA (Nunc) were infected or coinfected with 
indicated viruses at an m.o.i. of 10 PFU/cell for each 
virus. Cells electroporated with SIN replicon transcripts 
were seeded into similar slides. At the indicated times 
postinfection/post-transfection, cells were washed three 
times with PBS (10 mM Na phosphate, pH 7.5. 0.14 M 
NaCI; these washes were repeated after each of the 
following incubations) and fixed with 95% ethanol for 10 
min. For double-staining, monolayers were incubated for 
30 min with a mixture of MAb J3-11B9 (specific for the 
JEV £ protein; Mason etai, 1987) and a rabbit polyclonal 
antisera against SIN virions, both diluted 1:100 in PBS 
containing 1% BSA. For single-staining, cells were incu- 
bated with MAb J3-1 1 B9. The monolayers were then incu- 
bated with a mixture of FITC-conjugated goat anti-rabbit 
IgG (Gibco-BRL, diluted 1=100) and biotinylated goat anti- 
mouse IgG (Gibco-BRL, diluted 1:100) (or biotinylated 
goat anti-mouse IgG alone). Finally, the monolayers 
were incubated with streptavidin-Texas Red conjugate 
(Gibco-BRL). The slides were examined using a Zeiss 
Axioplan microscope with epifluorecsence capacity. 

RESULTS 

Expression of JEV proteins by dsSIN vectors 

dsSIN recombinants containing the prM-E cassette in 
both the 5' (v5'ME) and 3' (v3'ME, vM3'ME) cloning 
sites were constructed (depicted schematically in Fig. 
1 A). Two versions of the prM-E cassette were introduced 
into dsSIN vectors. Both versions ended at the carboxy 
terminus of E, but they differed in the number of codons 
upstream from the amino terminus of prM which they 
contained (Fig. 1B). Of these, the version in the vM3'ME 
construct is identical to the cassette in vP829, a vaccinia 
virus-prM-E recombinant (Konishi et ai, 1991). Since 
these cassettes were from the interior of the JEV ORF, 
artificial initiation and termination codons were placed 
at the 5' and 3' ends of the cassettes. 

Initially, a protocol for analysis of expression com- 



monly used for vaccinia virus (VV) recombinants (1-hr 
pulse-labeling at 14-16 hr postinfection followed by 
chases up to 8 hr) was employed. In infected BHK cells, 
the v5'ME. v3'ME, and vM3'ME recombinants ail pro- 
duced proteins that comigrated with prM and E ex- 
pressed by vP829 and were recognized by MAbs specific 
for prM and E (expression of E by the dsSIN vectors is 
shown in Figs. 2A and 2B; data for prM is not shown). 
Unlike previous reports that indicate that expression of 
foreign proteins was higher in 3 ' vector (Bredenbeek and 
Rice, 1992), expression of E appeared similar in both 3' 
and 5' vectors. Interestingly, only 5% of the E protein 
synthesized accumulated in the extracellular medium, 
even after an 8-hr chase. Inefficient secretion was also 
observed in Vero and HeLa cells infected with the 
dsSIN-prM-E recombinants (data not shown). It was 
shown previously with vP829 that a large percentage of 
prM and E proteins synthesized in infected HeLa cells 
was released into the culture fluid in the form of empty 
viral envelopes, with a t m for secretion of 6 hr (Konishi 
ef ai, 1991). As shown in Fig. 2B, vP829 efficiently se- 
creted E protein from infected BHK cells; 60% of the total 
product was present in the culture fluid following an 8- 
hr chase. 

VV recombinants that express the complete dengue 
virus E protein do not release the protein from cells due 
to intracellular targeting of the product (Bray etal. f 1989; 
Men et ai, 1991). However, E protein constructs that 
contain the N-terminal 80% of the protein (and thus lack 
the transmembrane anchor which is at the COOH end 
of the protein) are efficiently secreted (Men etai, 1991). 
Accordingly, dsSIN-JEV recombinants that express trun- 
cated E cassette which contains the E protein signal 
sequence and the N-terminal 80% of the protein (termed 
80%E) were constructed (shown schematically in Fig. 1). 
The truncated product was found to be efficiently se- 
creted from BHK cells infected with these recombinants 
(Fig. 2A; -40% of the total radiolabeled product was 
present in the culture medium after an 8-hr chase). Thus, 
the secretion pathway per se is not affected in dsSIN 
recombinant-intected cells for an individual polypeptide. 
The reduced efficiency of prM-E secretion in comparison 
with 80%E could not be attributed to a higher toxicity of 
dsSIN-prM-E recombinants, since coinfection of BHK 
cells with v3'ME and v3'80%E did not affect secretion 
of truncated E (data not shown). Interestingly, the intra- 
cellular 80%E product migrated electrophoretically as a 
double band. The more rapidly migrating band dimin- 
ished with the increased chase periods and the less 
rapidly migrating band was the major product detected 
in the culture medium. 

Alphavirus infection of mammalian culture cells is ac- 
companied by inhibition of host macromolecular synthe- 
sis and profound cytopathic effect (CPE) (Wengler, 1980). 
The experiments described thus far were done relatively 
late in the SIN replication cycle when CPE was observed. 
Development of CPE is delayed in dsSIN-prM-E-infected 
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Amino acid sequence 



mNKRGGNEGSIMWLASLAVVlACAGA mWsnf atnvha 

MWLASIAVVIACAGA mkisnf atnvha 

mLGSNNGQRRWYFTILLLLVAPAYS fnclgmg nhhwhkag 



PIG. 1. SJN-JEV recombinanr viruses used in the study. (A) pARJla, a piasmid which contains a cDNA copy of the C-prM-E-NS1 region of JEV 
genome, was used to obtain prM-E and 80%E cassettes by means of PCR using the sets of primers given under Materials and Methods. The PCR 
fragments were cloned into Xoal site of pTE5'2J, pTE3'2J. or pSINrep vectors. The genome of the resulting recombinants is diagrammed. IMS-ORF 
is the SIN nonstructural protein ORF, STR-ORF is the SIN structural protein ORF, the black box is the JEV cassette, and SP and SSP are subgenomic 
and second subgenomic promoters, respectively, from which SG RNAs are synthesized. In B, the amino- and carboxy-terminal sequences encoded 
by the cassettes are given. The beginning of prM and E according to McAda et al 0987) is indicated by arrows, the sequence upstream serves 
as a signal sequence. The carboxy terminus of prM-E protein constructs is the authentic COOH-terminus of the E protein while the COOH-terminus 
of the 80%E is at residue 400 of the E protein (out of 500). 
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FIG. 2. Expression of E and 80%E by the dsSIN recombinants and vP829. (A) 8HK cells infected with the dsSIN recombinants v5'ME. v3'ME, 
v5'80%E, or v3'80%E were labeled at 16 hr postinfection for t hr with ["SJMet and then chased with cold medium for 2. 5. or 8 nr. (B) BHK cells 
infected with vM3'ME or vP829 were radiolabeled at t6 hr postinfection for 1 hr and chased for 8 hr. Equal fractions of the cell iysate (C) and 
culture fluid (CF) were immunoprecipitated with a MAb specific for E and then subjected to SDS-PAGE analysis. The positions of migration of the 
E and 80%E products are denoted in the right margin. "M" lanes contain molecular weight markers (200. 97, 68. 45. 29. 18.4, and 14.3 kDa, 
respectively). In vP829*infected cells, a visible amount of intra- and extracellular prM protein was detected which was coprecipitated with E. 
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FIG. 3. Secretion of JEV-specific products expressed by dsSIN recom- 
binants and vP829 early in infection. BHK cells infected with v3' 80%E. 
v3'ME. vM3'ME, or vP829 were labeled at 5 hr postinfection with f'S]- 
Met /or 1 hr and then chased for 6 hr. Equal fractions of the cell lysates 
(C) and culture fluids (CF) were immunoprecipiteted with en anti-E MAb 
and analyzed by SDS-PAGE. The positions of migration of the E and 
80% E products are denoted. 



cells in comparison to dsSIN-infected cells; in our experi- 
ence dsSIN recombinants that contain large cassettes 
replicate more slowly, thus causing the delay in CPE (J.- 
P. Chen and K. V. Pugachev, unpublished observations). 
An experiment was done using infected BHK cells early 
in the replication cycle when no CPE was observable. 
Cells infected with the recombinant viruses were radiola- 
beled at 5 hr postinfection for 1 hr and chased for 6 hr. 
As shown in Fig. 3, secretion of E in cells infected with 
vP829 was more efficient (35°/o) than in cells infected with 
either dsSIN-prM-E recombinant (1 6 and 1 5% for v3 'ME 
and vM3'ME, respectively), although the disparity was 
not as pronounced as when the experiment was done 
late in the replication cycle. 

In contrast to mammalian cell lines, SIN replication in 
mosquito cell lines is not accompanied by inhibition of 
cell macromolecular synthesis or CPE. Therefore, ex- 
pression of prM-E in mosquito C6/36 cells infected with 
dsSIN-JEV recombinants was analyzed. As shown in Fig. 
4, in cells labeled for 1 hr at 16 hr postinfection followed 
by an 8-hr chase, up to 60% of the labeled E protein was 
present in the medium. In cells infected with v5'80%E 
and v3 '80%E, 40% of the labeled 80%E was present in the 
culture fluid, interestingly, the 80%E product expressed in 
C6/36 cells migrated as a single band, unlike the double- 
banded product from BHK cells. 

The JEV proteins secreted from dsSIN-prM-E 
recombinant-infected cells are in the form of subviral 
particles 

The extracellular prM and E glycoproteins produced 
by vP829 are in the form of subviral particles and it has 
been shown that production of subviral particles is an 
important factor in the ability of vP829 to induce a protec- 
tive immune response (Konishi ef a/., 1991, 1992). Su- 
crose density gradient centrifugation was undertaken to 
define the physical form of the JEV-specific products in 
the extracellular fluids harvested from BHK cells infected 
with v5'ME or vP829 and C6/36 cells infected with v5'ME. 
The culture fluid from v5'80°/oE-infected BHK cells was 



included as a control since no particulate products were 
expected to be formed by the 80%E protein. A peak of 
radioactivity was detected in gradients of media from 
vP829- and vS'ME-infected BHK and v5'ME-infected C6/ 
36 cells while no peak was present in gradients of 
v5'80%E-infected BHK cells (Fig. 5A). As expected, the 
amount of material in the peak from the culture fluid from 
vB'ME-infected C6/36 cells and vP829-infected BHK cells 
was several-fold higher than in the corresponding peak 
from culture fluid of v5'ME-infected BHK cells. The peak 
from the culture fluid from vP829-infected cells was pre- 
viously shown to consist of subviral particles (Konishi er 
ai, 1991. 1992). As expected, these peaks contained both 
prM and E as detected by RIP (data not shown) and 
treatment of the culture medium with Triton X-100 prior 
to centrifugation eliminated the peaks (Fig. 5B). The peak 
from v5'ME-infected BHK cells comigrated with the sub- 
viral particle peak produced by vP829. However, the peak 
from v5'ME-infected C6/36 cells migrated one fraction 
slower than the vP829 peak. Whether this was due to 
variations between gradients or a difference in physical 
characteristics of the subviral particles derived from ver- 
tebrate and arthropod cells was not resolved. Endogly- 
cosidase treatment analysis of oligosaccharide groups 
present on the extracellular and intracellular prM and E 
produced in both BHK and C6/36 cells infected with 
dsSIN recombinants showed that the secreted proteins 
had been converted from high-mannose to complex form 
(data not shown). 

The inhibitory effect on secretion of the JEV subviral 
particles is mediated by the SIN nonstructural 
proteins 

Coinfection experiments were undertaken to deter- 
mine if the difference in efficiency of secretion of JEV 
subviral particles encoded by dsSIN or VV vectors was 
due to a positive effect exerted by the VV vector or a 
negative effect exerted by the dsSIN vectors. BHK cells 
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FIG. 4. Secretion of JEV-specific products from mosquito C6/36 ceils 
infected with dsSIN recombinants. C6/36 cells infected with v5', 
v5'80%E, v3'80%E, vM3'M£. v5'ME. or v3'ME were labeled at 16 hr 
postinfection with [^JMet for 1 hr and chased for 8 hr. Equal fractions 
of the cell lysates (C) and culture fluids (CF) were immunoprecipitated 
with an aml-E MAb end analyzed by SOS- PAGE. The positions of 
migration of the E and 80%E products are denoted 



SINDBIS VECTOR EXPRESSION OF JEV GLYCOPROTEINS 



161 




B 

3000-t 



2000 



1000 




23456780 1011121314151617181020 
FRACTION NUMBER 

FIG. 5. Velocity centrifugation of prM/E complexes secreted from cells infected with recombinant viruses. Aliquots (200 y\) of culture fluids 
harvested from BHK cells infected with vP829, v5'ME, or v5'80%E and C6/36 cells Infected with v5'ME that were radiolabeled for 1 hr at 16 hr 
postinfection and chased for 8 hr were applied to 5-20% (w/w) continuous sucrose gradients (A). Duplicate 200-/il aliquots were made 0.1% with 
Triton X-100 and applied to gradients containing 0.1% Triton X*luO (B). Gradients were centrifuged for 3.5 hr at 35,000 rpm. Fractions were collected 
and aliquots of the fractions were counted by liquid scintillation spectroscopy. The peak of JEV subviral particles (SP), which have been characterized 
previously for vP829 (Konishi et at, 1991. 1992), is denoted by an arrow. 



infected singly with wild-type VV (wtVV) ( vP829, the v5' 
SIN vector, or v5'ME or coinfected with vP829 + v5' SIN 
orv5'ME + wtVVwere radiolabeled at 16 hr postinfection 
for 1 hr followed by an 8-hr chase. A gel of whole cell 
lysates is shown in Fig. 6A. While coinfection did not 
induce a detectable change in the pattern of proteins 
produced by either virus, the amount of VV proteins pro- 
duced in coinfected cells was substantially (Mivefold) 
reduced while the amount of SIN proteins produced was 
unaffected. When the production and secretion of JEV E 
protein was analyzed by immunoprecipitation (Fig. 6B) P 
it was found that wtVV exerted no effect on E expression 
by v5'ME. In contrast, coinfection resulted in a fourfold 



decrease in the total amount of E produced by vP829, a 
decrease most likely reflective of the overall decrease of 
VV-specific proteins in coinfected cells. Additionally, a 
suppression of secretion of E was observed; 20% of total 
E was in the cell medium in coinfected cells in compari- 
son with 60% in cells infected with vP829 alone. Thus, 
SIN infection appears to exert an inhibitory effect on 
secretion of JEV subviral particles. 

It was demonstrated previously that SIN can replicate 
in cells infected with VV or VV recombinants (Rice et aL, 
1985; Li et at., 1991). However, the effect of SIN on VV 
replication was not analyzed and the results of coinfec- 
tion experiments could be due to SIN preventing VV repli- 
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FIG. 6. Secretion of JEV-specific products from BHK cells coinfected with vP829 + SIN and v5'ME + vaccinia virus. BHK cells mock-infected, 
infected with wild-type vaccinia virus (vv), SIN (v5') ( vP829, or v5'ME or coinfected with vP829 + SIN (vP829 and v5') or v5'ME + vv were labeled 
with ("SJMet for 1 hr at 16 hr postinfection and chased for 8 hr. In A, an autoradiograph of a polyacrylamlde gel of equal aliquots of whole cell 
lysates is shown. The position of migration of the SIN C and El + E2 is shown in the right margin. Equal fractions of the cell lysates (C) or culture 
fluids (CF) were also immunoprecipitated with an anti-E MAb and analyzed electrophoretically (B). In several cases, a visible amount of the 
coprecipitated prM protein was detected along with E. 



cation in the majority of the coinfected cells. To deter- 
mine if both VV and SIN replicate in coinfected cells, 
BHK cell monolayers were infected with SIN or vP829 
alone or coinfected with both viruses, and 14 hr postin- 
fection, ceils were analyzed by indirect IFA by double- 
staining with a MAb specific for the JEV E protein and 
polyclonal serum specific for the SIN structural proteins. 
Cells infected with SIN or coinfected with SIN and vP829 
were 100% positive for SIN antigens; similarly, 100% of 
cells infected with vP829 or coinfected with vP829 and 
SIN were positive lor the JEV E protein (data not shown). 
Thus, cells were productively coinfected by both SIN and 
the VV recombinant. 

To determine if the low level of secretion of JEV subvi- 
ral panicles from dsSIN-prM-E-infected mammalian 
cells was due to the presence of large amounts of SIN 
structural proteins in infected cells, recombinant SIN re- 
plicons containing the two variants of the JEV prM-E cas- 
sette were constructed (repME and MrepME; see Figs. 
1 A and 1 B). When in vitro transcripts from these replicons 
were electroporated into BHK cells, no relative increase 
in secretion of JEV prM and E was observed in compari- 
son with cells transfected with vM3'ME RNA (Fig. 7). 
Thus, the suppression of secretion appeared to be due 
to expression of the SIN nonstructural proteins by the 
replicon. 

To determine if SIN replicons that express the JEV prM- 
E cassette are capable of production of self-propagating 
infectious particles (as demonstrated in cells transfected 
with recombinant SFV replicons that encoded the G pro- 
tein of VSV; Rolls etai, 1994), BHK cell monolayers were 
mock-transfected or transfected with SiNrep or repME 
RNAs. 10, 24, and 36 hr post-transfection, cells were 
analyzed by indirect IFA using an anti-E MAb. Approxi- 
mately 10% of cells transfected with repME were positive 
at 10 hr postinfection and this percentage remained the 
same at 24 and 36 hr postinfection (data not shown). 
When medium harvested from the monolayers trans- 
fected with repME at 24 hr post-transfection was added 



to fresh BHK cells, no positive cells were subsequently 
detected by IFA (data not shown). Thus, SIN replicons 
encoding the JEV prM-E do not produce self-packaging 
infectious particles. 

tn an alternate approach to study the effect of the SIN 
nonstructural proteins on secretion of JEV prM and E, 
BHK cells were coinfected with vP829 and one of three 
VV recombinants that each express one of the SIN ORFs: 
vNS1234, which expresses the nonstructural ORF; vNS1 
x 2 x 3 x 4(s), which expresses a mutagenized version 
of the nonstructural ORF in which all of the cleavage 
sites are blocked (Lemm and Rice, 1993); and vTM3/SIN/ 
S, which expresses the structural ORF (B. PrSgai and 
C. M. Rice, personal communication). In all of these re- 
combinants, expression is dependent on 17 RNA poly- 
merase which is provided by coinfection with VV recom- 
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FIG. 7, Secretion of JEV E protein produced by SIN-prM-E replicons. 
BHK cells were electroporated with RNAs synthesized in vitro from 
pSINrepS, pRepME. pMRepME. and pM3'ME plasmid templates. Six- 
teen hours post-transfection, cells were labeled lor 1 hr with ^SJMet 
and chased for 8 hr. Equal fractions of the cell lysates (C) or culture 
fluid (CF) were immunoprecipitated with an MAb specific for E and 
then analyzed by SDS-PAGE. A visible amount of intracellular prM 
was coprecipitated with the MAb from several of the whole cell lysates. 
The "M" lane contains molecular weight standards whose MW (in JcDa) 
Is given in the right margin. 
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FIG. 8. Secretion of JEV E protein produced by vP829 in cells coinfected with vaccinia recombinants that express SIN proteins. BHK cells infected 
with vP829 or coinfected with VP829 + VNS1234 + vTF7-3, VP829 + vNSl X 2 X 3 X 4(s) + vTF7-3, vP829 + VTM3/SIN/S + VTF7-3, vP829 + 
vTF7-3, vP829 + vNS1234, or vP829 + vTM3/SIN/S were radiolabeled for J hr at 16 hr postinfection and chased for 8 nr. (A) Equal fractions of the 
cell lysates (C) or culture fluids (CF) were immunoprecipitated with an anti-E MAb and analyzed by SOS- PAGE. The position of migration of E is 
denoted. (B) Whole cell lysates were analyzed by SDS-PAGE. The positions of migration of T7 RNA polymerase and the uncleaved SIN nonstructural 
precursor (NS1234) are denoted In the lane labels, vNS1234 is designated as NS1-4, vNSl x 2 x 3 x 4(s) as NS1 X 4, VTM3/SIN/S as STR and 
VTF7-3 as T7. 



binant vTF7-3. As shown in Fig. 8A, in cells coinfected 
with vP829 and VTF7-3, vNS1234. or vTM3/SIN/S there 
was a two- to threefold depression in the total amount 
of E synthesized in comparison with cells infected singly 
with vP829. In triply infected cells (vP829 + vTF7-3 + 
VNS1234, vNS1 X 2 X 3 X 4(s), or vTM3/SIN/S), only 
one-fourth to one-sixth as much E was synthesized as 
in vP829-infected cells. This effect was not specific to 
expression of the nonstructural ORF and is probably re- 
lated to the presence of a number of different viruses in 
the same cells, reducing the relative amount of a product 
made by only one of the viruses. As can be seen in Fig. 
88, no alteration or inhibition of total VV-specific protein 
synthesis was detected in cells coinfected with vP829 
and vNS1234 or vNSl X 2 x 3 X 4(s), either in the 
presence or absence of vTF7-3. The secretion efficiency 
of E synthesized in vP829-infected cells (43%) was similar 
to cells coinfected with vTF7-3 and VNS1234, vNSt X 2 
X 3 X 4(s), or VTM3/SIN/S (36-43%). 

Cydoheximide treatment experiment 

The infection of cultured mosquito cells with alphavi- 
ruses is not cytopathic, whereas in mammalian cell cul- 
tures a profound CPE is produced (Brown and Condreay, 
1986). The most impressive feature of the alphavirus- 
induced CPE in cultured vertebrate cells is an arrest of 
host-cell protein and RNA synthesis (Wengler, 1980). To 
determine if the inhibition of subviral particle secretion in 
dsSIN-infected cells was due to a shut-off of the cellular 
protein synthesis, v5'ME-infected C6/36 cells and vP829- 
infected BHK cells (in both of which normally high 
amounts of the extracellular subviral particles are pro- 
duced) were radiolabeled for 20 min and then chased 
for 8 hr in the presence or absence of 50 ^g/ml cydohexi- 



mide. Figure 9 demonstrates that cydoheximide treat- 
ment did not noticeably affect secretion of either the 
subviral particles or 80%E. 

DISCUSSION 

In this study, a series of dsSIN recombinants that ex- 
press prM-E and a C-terminal truncated form of E of 
JEV were generated and analyzed. Both were efficiently 
expressed from both 5' and 3' dsSIN vectors. The 80%E 
product was efficiently secreted from both vertebrate and 
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FIG. 9. Effect of cydoheximide treatment on secretion of E. C6/36 
cells infected with v5'80%E or v5'ME or vP829-infected BHK cells were 
pulse-labeled 16 hr postinfection with [ 35 S]Met for 20 min and chased 
for 6 hr in maintenance medium {-) or maintenance medium containing 
50 pg/ml cydoheximide (+). Equal fractions of the cell lysates (C) or 
culture fluids (CF) were immunoprecipitated with an anti-E MAb and 
analyzed electrophoretically. To determine the efficiency of cydohexi- 
mide treatment, mock-infected BHK cell monolayers were incubated in 
culture medium containing 50 pg/ml cydoheximide for 0. 15, and 45 
min prior to 15 min labeling with PSJMet in medium lacking cydohexi- 
mide and equal fractions of the cell lysates were analyzed by SDS- 
PAGE, as shown in the right three lanes. 
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mosquito cells infected with the dsSIN recombinants, as 
expected since this protein lacks the membrane anchor 
sequence. This result is consistent with observations of 
efficient secretion of truncated forms of dengue virus E 
protein (Men et a/., 1991). In contrast, prM and E ex- 
pressed by the dsSIN-prM-E constructs were secreted 
poorly from infected vertebrate cells (BHK, Vero, HeLa). 
In comparison, prM and E expressed by vaccinia virus 
recombinant vP829 that contained an identical prM-E 
cassette were efficiently secreted from infected BHK 
cells. Mosquito C6/36 cells infected with the dsSlN-prM- 
E recombinants efficiently secreted prM and E. As was 
found with vP829, prM and E secreted from both verte- 
brate and mosquito cells infected with dsSIN-prM-E re- 
combinants were in the form of subviral particles. 

The low level of secretion of subviral particles ob- 
served in mammalian cells infected with dsSIN-prM-E 
was due to a suppressive effect exerted by the dsSIN 
vectors since superinfection of vP829-infected cells with 
SIN reduced secretion of subviral particles. The sup- 
pressive effect was due to the SIN nonstructural proteins 
since secretion of prM and E expressed by a SIN replicon 
containing only the SIN nonstructural ORF was also inef- 
ficient The suppression of subviral particle secretion is 
presumably correlated with the deleterious effect exerted 
on vertebrate cells by alphavirus replication. Consistent 
with this hypothesis, subviral particle secretion was sup- 
pressed to a greater degree late in infection compared 
to early in infection and subviral particle secretion was 
efficient in mosquito cells, in which no deleterious effect 
associated with alphavirus replication occurs (Wengler, 
1980; Brown and Condreay, 1986). Studies on the SIN 
replicon have shown that it is as efficient as is complete 
virus in inhibiting vertebrate cell protein synthesis; how- 
ever, timely development of microscopically observable 
CPE requires expression of the virus glycoproteins 
(which are absent in the SIN replicon) on the cytoplasmic 
membrane (Frolov and Schlesinger, 1994). This indicates 
that suppression of JEV subviral particle formation is 
caused by inhibition of cell protein synthesis. Consistent 
with this conclusion, VV recombinants that express the 
SIN nonstructural ORF did not suppress secretion of sub- 
viral particles expressed by vP829; these VV recombi- 
nants also did not inhibit VV-specific protein synthesis, 
as did SIN. [In explanation of this observation, it is possi- 
ble that amplification of SIN genomic RNA (but not the 
subgenomic RNA; Frolov and Schlesinger, 1994) medi- 
ated by the SIN nonstructural proteins rather than the 
nonstructural proteins themselves are responsible for in- 
hibition of cell protein synthesis by SIN (SIN RNA is am- 
plified in replicon-infected ceils but not in cells infected 
with vNS1234 or vNS1 X 2 X 3 X 4(s))]. 

If caused by the inhibition of cell protein synthesis, the 
suppression of extracellular subviral particle production 
is presumably due to inhibition of synthesis of a labile 
cellular factor necessary for either subviral particle for- 
mation or secretion. This factor would be specific for JEV 



subviral particle production since SIN virion formation is 
obviously ongoing in dsSIN -prM-E-infected cells and the 
secretion of individual proteins such as 80%E is also 
unaffected [additionally, dsSIN recombinants that ex- 
press JEV NS1 efficiently secrete NS1 oligomers (K. V. 
Pugachev, unpublished observations)]. Interestingly, 
subviral particles were efficiently secreted from cells in- 
fected with vP829 even though VV has a profound effect 
on cell macromolecular synthesis (Moss, 1990). An ex- 
periment was done to simulate inhibition of protein syn- 
thesis by treating vP829-infected BHK cells and dsSIN- 
prM-E-infected C6/36 cells with cycloheximide after a 
pulse label, but no suppression of secretion of E was 
observed. However, the conditions of inhibition of cell 
protein synthesis in this experiment do not precisely 
mimic those in SIN-infected cells in which protein synthe- 
sis inhibition was ongoing from the initiation of infection 
until the pulse labeling. Therefore, there is a possibility 
that inhibition of protein synthesis per se may not exert 
a suppressive effect on subviral particle formation. In 
addition to its effect on protein synthesis, SIN infection 
modifies plasma membrane ion pump activity and 
changes the fatty acid composition of cellular mem- 
branes (Wengler, 1980; Brown and Condreay, 1986); ei- 
ther of these effects could reduce the secretion of subvi- 
ral particles. However, the SIN-specific moieties respon- 
sible for these effects have not been determined. 

Two points of general interest were raised by the data 
presented in this report First, alphavirus expression vec- 
tors, which are gaining in popularity (Bredenbeek and 
Rice, 1992), promote synthesis of high levels of foreign 
proteins, as shown by the abundant expression of JEV 
proteins in dsSIN-JEV-infected and SiN-JEV replicon- 
transfected cells. SIN recombinants expressing JEV prM- 
E cassette produce subviral particles similar to those 
produced by cells infected with vP829 recombinant vac- 
cinia virus. However, since interference with secretion of 
these particles occurred, normal processing of proteins 
expressed by alphavirus vectors, particularly glycopro- 
teins, needs to be ascertained. Vaccination with vP829 
induces protective immunity in mice to lethal challenge 
with neurovirulent strain of JEV and it has been shown 
that production of subviral particles is important for the 
protective effect (Konishi etaL, 1991, 1992). Whether the 
suppression of subviral particle formation will interfere 
with protective effect induced in mice with dsSIN-JEV 
recombinants remains to be determined. A second con- 
sideration in the use of alphavirus expression vectors 
is formation of self-replicating, self-assembling particles 
when structural proteins of other viruses are expressed 
in replicon vectors, a phenomenon which was recently 
demonstrated by Rolls et al. (1994) with SFV replicons 
that expressed the G protein of VSV. We tested SIN- 
prM-E replicons for the formation of similar infectious 
particles and were unable to detect any evidence for self- 
packaging of these types of replicons. Thus, formation of 
such self-replicating particles is dependent upon which 
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viral glycoprotein is expressed. Third, we assessed the 
replication of SIN and VV in coinfected cells. It was pre- 
viously shown that replication of SIN as assayed by pro- 
duction of PFU was unaffected by coinfection with VV 
(Rice et al., 1985; Li et al., 1991). We found that both 
viruses replicated since proteins expressed by both vi- 
ruses were detected in every cell in the coinfected cul- 
ture. However, while total SIN protein synthesis was un- 
affected, VV protein synthesis was decreased fivefold. 
Thus, SIN has an inhibitory effect on the efficiency of 
expression of VV proteins while VV has no effect on SIN 
gene expression. This finding needs to be taken into 
consideration in experiments in which cells are coin- 
fected with VV- and SIN-recombinants. 

The second point of general interest is that the interfer- 
ence with JEV subviral particle secretion by the dsSIN 
vectors could be reflective of a mechanism of competitive 
advantage on the part of alphaviruses in cells coinfected 
with an alphavirus and a flavivirus exerted at the level 
of flavivirion formation. Relationships between JEV and 
SIN have not been studied directly in cell culture or ex- 
perimental animals. However, Oaten etai (1976) demon- 
strated that significant protection to heterologous intra- 
cerebral challenge with a flavivirus Langat occured after 
intracerebral infection of mice with SFV and SIN and 
proposed that interference with Langat virus replication 
by SFV and SIN was the most important factor in pro- 
tecting the mice from a lethal Langat virus encephalitis. 
Although alphaviruses and flaviviruses are taxonomically 
unrelated, they share an ecological niche. Other exam- 
ples of interference between unrelated viruses that share 
ecological niches are the interference with hepatitis 8 
infection exerted by hepatitis C virus (which apparently 
is due to the hepatitis C core protein) (Shih et al., 1993; 
Fong et at., 1991; Liaw et al., 1991) and with adenovirus 
and herpesvirus oncogenicity and replication exerted by 
adeno-associated virus (reviewed by Berns, 1990). If spe- 
cific mechanisms of heterologous virus interference 
could be elucidated, it could potentially lead to develop- 
ment of new antiviral strategies. 
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A DNA vaccine plasmid containing the Japanese encephalitis (JE) virus premembrane (prM) and envelope 
(E) genes (designated pcDNA3JEME) was evaluated for immunogenicity and protective efficacy in mice. Two 
immunizations of 4- week-old female ICR mice with pcDNA3JEME by intramuscular or intradermal injections 
at a dose of 10 or 100 p.g per mouse elicited neutralizing (NEUT) antibodies at titers of 1:10 to 1:20 (90% plaque 
reduction), and all immunized mice survived a challenge with 10,000 50% lethal doses of the P3 strain of JE 
virus. A single immunization with 100 |ig of pcDNA3JEME did not elicit detectable NEUT antibodies but 
induced protective immunity. Spleen cells obtained from BALB/c mice immunized once with 10 or 100 u,g of 
pcDNA3JEME contained JE virus-specific memory cytotoxic T lymphocytes (CTLs). BALB/c mice maintained 
detectable levels of memory B cells and CTLs for at least 6 months after one immunization with pcDNA3JEME 
at a dose of 100 ng. The CTLs induced in BALB/c mice immunized twice with 100 u,g of pcDNA3JEME were 
CD8 positive and recognized mainly the envelope protein. These results indicate that pcDNA3JEME has the 
ability to induce a protective immune response which includes JE virus-specific antibodies and CTLs. 



One of the recent promising strategies in protection from 
viral diseases is the induction of protective immunity by the 
expression of subsets of viral genes in the vaccinated host. This 
strategy can eliminate immune responses to unneeded or ad- 
ventitious antigens present in inactivated virus vaccine prepa- 
rations and may provide improved safety relative to live atten- 
uated virus vaccines. The introduction of subsets of viral genes 
into a vaccinee can be accomplished with a recombinant virus 
(32) or with naked DNA molecules designed to express the 
genes in the cells of the host (22). 

We have studied Japanese encephalitis (JE) as a model for 
understanding the immunogenicity and protective efficacy 
conferred on murine, porcine, and human hosts by different 
flavivirus gene products. In these studies, we showed that re- 
combinant poxviruses carrying the signal sequence for the pre- 
membrane (prM), the prM gene, and the envelope (E) gene 
express proper forms of the prM and E proteins in infected 
cells and that infected cells release these viral proteins in a 
particulate form (15, 25). These extracellular particles are mor- 
phologically and biochemically similar to the authentic subviral 
particles, so-called slowly sedimenting hemagglutinin, released 
from JE virus-infected cells (17). The similarity of these genet- 
ically engineered products to natural virus particles is consis- 
tent with our early work showing the excellent performance 
of vaccinia virus-based vaccines specific for these particles in 
mice (15, 25). Furthermore, a recombinant poxvirus carrying 
the same signal sequence-prM-E cassette but based on a highly 
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attenuated vaccinia virus strain (NYVAC) induced high levels 
of neutralizing (NEUT) antibodies (16) and specific cytotoxic 
T lymphocytes (CTLs) in mice (13) and protected mice from 
lethal challenge and swine from viremia (16). However, this 
NYVAC-based recombinant poxvirus did not induce NEUT 
antibodies to JE virus in vaccinia virus-preimmune vaccinees in 
a clinical phase I trial, although it did elicit anti-JE virus anti- 
bodies in vaccinia virus-naive vaccinees (14). 

The adverse effect of antivector immunity to the immuno- 
genicity of the products specified by the vector has been point- 
ed out with several systems (2, 8, 33) and may cause significant 
problems for the viral vector-based strategy, especially in long- 
lived species, such as humans. Naked DNA vaccines, which do 
not suffer from the problem of antivector immunity, recently 
have been developed and tested for a variety of viral pathogens 
(3, 31, 34-36). Recently, naked DNA vaccine candidates have 
been reported for two flavivirus diseases. Work with St. Louis 
encephalitis showed that a plasmid carrying the prM and E 
genes could induce partial protection in mice, but induction of 
NEUT antibodies and CTLs was not demonstrated (28). An- 
other plasmid containing the prM gene and part of the E gene 
of dengue type 2 virus induced NEUT antibodies, but protec- 
tion was not demonstrated (12), In this report, we studied the 
immunogenicity and protective efficacy of plasmid DNA con- 
taining the signal sequence-prM-E cassette of JE virus genes 
that we had identified to be the most effective immunogen in 
poxvirus-based recombinant viral vaccines for JE. 

MATERIALS AND METHODS 

Construction of plasmids. The JE virus cDNA containing the prM signal se- 
quence, the prM gene, and the E gene was amplified by PCR with DNA template 
plasmid pARJa (containing Nakayama strain C protein cDNA sequences fused 
to plasmids PM-7 and PM-6 [26]; GenBank accession no. M73710). The sense 
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primer included an EcoR\ site, an efficient eukaryotic initiation site (19), and a 
start codon, followed by the codons encoding Glu-Gly-Ser of the prM signal 
sequence. The antisense primer corresponded to the C-terminal six codons of the 
E gene, a termination codon. and an Xho\ site. To facilitate tt eITO^-free' , ampli- 
fication, the selected JE virus coding region was amplified in two portions, which 
were combined by use of an artificial £coRV site that was added within the 
coding region (codons 67 and 68 of the E protein) without changing the encoded 
amino acid sequence. The amplified cDNA was inserted into the pcDNA3 vector 
(Invitrogen Corp., San Diego, Calif.) at the EcoKMXfxoX site between the strong 
eukaryotic promoter derived from human cytomegalovirus and the polyadenyi- 
ation signal derived from the bovine growth hormone. The construct was desig- 
nated pcDNA3JEME. Proper insertion of the gene cassette in pcDNA3JEME 
was confirmed by sequencing with a DNA sequencer (ABI 373A; Applied Bio- 
systems, Chiba, Japan). pcDNA3JEME DNA was purified with a Qiagen Plas- 
mid Kit (Funakoshi Co. Ltd., Tokyo, Japan) following the manufacturer's in- 
structions and was used for immunization of mice. 

Viruses. The prototype Nakayama strain of JE virus (23) was used in all in 
vitro studies, including NEUT tests, spleen cell stimulation, and cytotoxicity 
assays. The Nakayama strain, which exhibits low lethality in many strains of mice, 
was also used to "vaccinate** mice. The Beijing P3 strain of JE virus, which is 
reproducibly virulent in mice over 6 weeks of age. was used for mouse challenge 
studies (25). Recombinant vaccinia viruses used for infection of target cells in 
cytotoxicity assays were vP555, carrying the prM, E, and NSl genes of the 
Nakayama strain of JE virus; vP658, carrying the E and NSl genes; vP829, 
carrying the prM and E genes; and their parent virus, vP410 (15). 

Mouse experiments. Groups of five 4- week-old female ICR mice were used for 
evaluating the induction of NEUT antibodies and protective immunity, and 
groups of two 6-week-old male BALB/c mice were used mainly for evaluating the 
induction of CTLs. Mice were immunized with pcDNA3JEME at doses of 0.1 to 
100 yx.%, pcDNA3 at a dose of 100 u.g, or phosphate-buffered saline (PBS) once 
or twice at an interval of 2 weeks. The injection route was intramuscular (i.m.) at 
both thighs or intradermal (i.d.) at the base of the tail. At 2 or 3 weeks after 
immunization, the ICR mice were bled retro-orbitally, and serum samples were 
isolated from blood, pooled, and used for evaluation of antibody. The ICR mice 
were also challenged by intraperitoneal (i.p.) injection with 10,000 50% lethal 
doses (LD 50 ) of the P3 strain of JE virus and observed for 3 weeks. Postchallenge 
blood was collected from mice that survived the challenge. Spleen cell suspen- 
sions were prepared from BALB/c mice as previously described (13) and stim- 
ulated with J E virus for cytotoxicity assays (see below). For examination of the 
duration of NEUT antibodies and memory B cells and CTLs, BALB/c mice that 
had received one inoculation with pcDNA3JEME at a dose of 100 u,g were kept 
for 1 to 6 months before sample collection. 

NEUT tests. Specific antibodies elicited in immunized mice were evaluated by 
NEUT tests as previously described (15). The NEUT titer was expressed as the 
serum dilution yielding a 90% reduction in plaque number. 

Cytotoxicity assays. Stimulation of spleen cells with JE virus in vitro and 
cytotoxicity assays were performed as previously described (13) with some mod- 
ifications. Spleen cells (4 x 10 6 ) were stimulated by incubation with live JE virus 
antigen at a final dilution of 1:8 in 2 ml of RPM1 1640 medium containing 10% 
fetal bovine serum (RPMI-10% FBS) per well of 24-well microplates at 37°C for 
6 days. The live virus antigen used was clarified culture fluid harvested from 
infected C6/36 cell cultures and contained a titer of approximately 2 x 10 8 
PFU/ml in the undiluted stock, as titrated on Vero cell cultures. The control 
antigen used was culture fluid from mock-infected C6736 cell cultures. Both live 
virus and control antigens were used at 1:8 dilutions. Following the 6-day stim- 
ulation step, the cells were washed three times with RPMI-10% FBS and dis- 
tributed in triplicate in 96-well microplates at different cell densities to provide 
various effector/target (E/T) ratios. The target cells used for these assays were 
primary mouse kidney (PMK) cells prepared from kidneys of BALB/c mice or 
P815 mastocytoma cells. PMK cells were infected with JE virus at a high multi- 
plicity of infection (approximately 100 to 200 PFU/cell) or mock infected 17 to 
18 h before the assay, and P815 cells were infected with vP829 or vP410 at a 
multiplicity of infection of 10 PFU/ml or mock infected 15 to 20 h before the 
assay. For target protein analysis, P815 cells infected with vP555 and vP658 were 
also used. All target cells were labeled with Na 51 Cr0 4 , washed, and distributed 
evenly at 1 X 10 3 or 2 x 10 3 viable cells per well into microplates containing 
effector cells. The plates were incubated for 5 to 6 h at 37°C, and 51 Cr release into 
the supernatant was measured in a gamma counter. Percent specific lysis was 
calculated with the following formula: 100 X [(experimental release - minimum 
release)/(maximum release - minimum release)]; the maximum release was 
obtained by lysing all the target cells with Renex, and the minimum release was 
obtained with target cells incubated alone in RPMI-10% FBS. 

Cell depletion assays. Cell depletion tests were performed as previously de- 
scribed (13). Briefly, cells stimulated with JE virus were incubated with antibod- 
ies to CD3, CD4, and CDS at dilutions of 1:5 to 1:100 at 4°C for 30 min. These 
cells were then treated with rabbit complement at a 1:10 dilution at 37°C for 1 h 
and used in cytotoxicity assays. Cytotoxicity was compared with that obtained 
with JE virus-stimulated cells treated only with complement and with JE virus- 
stimulated and mock-stimulated cells without treatment. 



TABLE 1. Immunogenicity of pcDNA3JEME in ICR mice 
with two immunizations 



Immunogen" Route - 



Dose at wk* NEUT titer' at wk* Survi , 



8 



11 



vaF 



pcDNA3JEME i.m. 

pcDNA3JEME i.m. 

pcDNA3JEME i.d. 

pcDNA3JEME i.d. 
PBS 



100 u.g 
10 jig 

100 jig 
10 jig 



100*ig<l:10 1:20 

10jig<l:10 1:10 

100fig<l:10 1:10 

10u.g <1:10 1:20 



1:640 5/5 

1:320 5/5 

1:160 5/5 

1:640 5/5 



JE virusf 



<1:10 <1:10 NA e 



0/5 



i.p. 5 x 10 6 PFU None 1:80 1:160 >1:1,280 2/2 



° Each immunogen was given to five female ICR mice at the ages indicated, 
and the mice were challenged at week 8. 

b Ages of the mice at the time of inoculations or serum collections; 1 1 weeks 
indicates 3 weeks postchallenge. 

c Represented as the serum dilution yielding a 90% reduction in plaque num- 
ber. 

d Number of surviving mice/total number of mice tested 3 weeks after chal- 
lenge with 10,000 LDjo of the P3 strain of JE virus. 
' NA, serum was not available. 

'The immunogen given at 4 weeks consisted of the live Nakayama strain of JE 
virus at a dose that killed three of five mice. Therefore, all serological and 
challenge data were derived from the remaining two mice. 



RESULTS 

Proper expression of pcDNA3JEME. COS7 and Vero cells 
were transfected with pcDNA3 J EME by use of liposomes (Lipo- 
fectin; Life Technologies Inc., Gaithersburg, Md.) or lipopoly- 
amine (Transfectam; Biosepra, Villeneuve-ia-Garenne, France), 
and expression was determined by indirect fluorescent-antibody 
staining with a monoclonal antibody to the JE virus E protein 
(J3-11B9) (24). When transfection protocols recommended 
by the manufacturer were used, E antigen could be detected 
with this antibody in 3 to 5% of either COS7 or Vero cells 1 to 
2 days after transfection, indicating that pcDNA3JEME ex- 
pressed the E antigen in these eukaryotic cells. 

Induction of NEUT antibodies and protective immunity. 
ICR mice were inoculated i.m. or i.d. with 10 or 100 jxg of 
pcDNA3JEME at 4 and 6 weeks of age (Table 1). At 2 weeks 
after each immunization (at 6 and 8 weeks of age), sera were 
collected and checked for NEUT antibodies. Following the 
second serum collection, these mice were challenged with 
10,000 LD 50 of the P3 strain of JE virus and observed for 3 
weeks; sera were collected at the end of the 3-week observation 
period from all mice that survived the challenge (at 11 weeks of 
age). The results in Table 1 show that one immunization with 
pcDNA3JEME did not induce detectable levels of NEUT an- 
tibodies but that two immunizations induced NEUT antibodies 
at titers of 1:10 to 1:20, irrespective of the immunization route 
and the dose. All mice given two inoculations survived the 
challenge but displayed significantly increased serum NEUT 
titers (1:160 to 1:640) at 3 weeks postchallenge. Mice inocu- 
lated with PBS did not have detectable levels of NEUT anti- 
bodies and died from the challenge, whereas mice vaccinated 
by inoculation with the Nakayama strain of JE virus 4 weeks 
prior to challenge had a high NEUT antibody titer and sur- 
vived the P3 virus challenge. Since three of five mice died 
following infection with 5 X 10 6 PFU of the Nakayama strain 
of JE virus, this 'Vaccinating" dose corresponded to approxi- 
mately 1 LD 50 . These results indicate that two immunizations 
with pcDNA3JEME induced NEUT antibodies and protective 
immunity in mice. Since a significant difference in NEUT an- 
tibody titer and survival rate was not observed between the i.m. 
and i.d. routes, we used the i.m. route for subsequent experi- 
ments. 

Next, the ability of pcDNA3JEME to induce protective im- 
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TABLE 2. Immunogenicity of pcDNA3JEME in ICR mice 
with one immunization 



Immunogen Dose Target 



E:T»200:1 



E:T=100:1 









NEUT 


titer' 




Immunogen" 


Route 


Dose (jie) 
at 4 wk 6 


at wk* 


Survival 






7 


10 




pcDNA3JEME 


i.m. 


100 


<1:10 


1:160 


4/5 


pcDNA3JEME 


i.m. 


10 


<1:10 


NA e 


0/5 


pcDNA3JEME 


i.m. 


1 


<1:10 


NA 


0/5 


pcDNA3JEME 


i.m. 


0.1 


<1:10 


NA 


0/5 


pcDNA3 


i.m. 


100 


<1:10 


NA 


0/5 


PBS 


i.m. 




<1:10 


NA 


0/5 



" Each immunogen was given to five female ICR mice at 4 weeks of age, and 
the mice were challenged at week 7. 

h Ages of the mice at the time of inoculations or serum collections; 10 weeks 
indicates 3 weeks postchallenge. 

c Represented as the serum dilution yielding a 90% reduction in plaque num- 
ber. 

d Number of surviving mice/total number of mice tested 3 weeks after chal- 
lenge with 10,000 LD 50 of the P3 strain of JE virus. 
e NA, serum was not available. 



munity in ICR mice was examined in the one-immunization 
protocol at 0.1 to 100 jxg (Table 2). Immunization was per- 
formed at 4 weeks of age, with bleeding and challenge at 7 
weeks, observation for 3 weeks, and postchallenge bleeding when 
the mice were 10 weeks old. Nonimmune control groups includ- 
ed mice inoculated with PBS or pcDNA3 at 100 u,g. All mice 
immunized with pcDNA3JEME at 0.1 to 10 p.g, pcDNA3, and 
PBS died from challenge, but partial protection was observed 
for mice immunized with pcDNA3JEME at 100 |mg. NEUT 
antibodies were not observed for prechallenge sera for any of 
these groups, but a high NEUT antibody titer was observed for 
surviving mice immunized with 100 jxg of pcDNA3JEME. 

Induction of specific CTLs. In order to study cellular 
responses in mice immunized with pcDNA3JEME, spleen 
cells were obtained from BALB/c mice immunized with 
pcDNA3JEME at 100 |xg twice at a 2-week interval, stimulated 
in vitro with JE virus, and examined for cytotoxic activity 
against PMK cells infected with JE virus. Figure 1 shows the 
results obtained at an E/T ratio of 100:1. A high percentage of 
specific lysis of JE virus-infected cells (approximately 50%) was 
obtained with effector cells stimulated with JE virus but not 
with unstimulated effector cells. Cytotoxic activities against 
mock-infected cells were low. This result indicates that immu- 
nization with pcDNA3JEME induced JE virus-specific mem- 
ory CTLs in mice. 

The ability of pcDNA3JEME to induce specific CTLs in 
BALB/c mice was examined in the one-immunization protocol 




E:To50:i 



E:T=25:1 



pcDNA3JEME 100 
10 
1 

0.1 

pcONA3 100 
PBS 



VP829 
vP410 
vP829 
vP410 
VP829 
vP410 
vP829 
vP410 
VP829 
vP410 
VP829 
VP410 



40 



0 20 400 20 

% Specific Lysis 

FIG. 2. Lysis of P8 15 cells infected with a recombinant vaccinia virus carrying 
the prM and E genes (vP829) or the parental virus (vP410) by pcDNA3JEME- 
immune spleen cells stimulated with JE virus. BALB/c mice were immunized 
once with pcDNA3JEME at 0.1 to 100 jig, pcDNA3 at 100 p-g, or PBS. At 3 weeks 
postimmunization, the spleen cells were harvested and incubated with C6/36- 
grown virus for 6 days. Cytotoxic activities were measured at the indicated E/T 
ratios by the standard chromium release method (see Materials and Methods for 
details). 



at 0.1 to 100 jxg (Fig. 2). Specific cytotoxic activities were ob- 
served for mice immunized with 10 or 100 |xg of pcDNA3JEME. 
However, responses in mice immunized with 1 or 0.1 u>g of this 
DNA were not significantly different from the responses de- 
tected in samples collected from mice inoculated with 100 [xg 
of pcDNA3 or PBS. 

Characterization of CTLs. The phenotype of cells responsi- 
ble for cytotoxic activities was determined by use of cell deple- 
tion tests (Fig. 3). Spleen cells obtained from BALB/c mice im- 
munized twice with 100 p-g of pcDNA3JEME and stimulated 
in vitro with JE virus were treated with antibodies against cell 
surface markers and complement before cytotoxicity assays. 
Cytotoxic activities were reduced by treatment with anti-CD3 
or anti-CD8 in the presence of complement, whereas treat- 
ment with complement alone or with anti-CD4 and comple- 
ment did not reduce the activities. These results indicate that 




Stimulant Target 

JEV JEV 
Mock 
None JEV 
Mock 

25 

% Specific Lysis 

FIG. 1. Lysis of JE virus- infected PMK cells by pcDNA3JEME-immune 
spleen cells stimulated with JE virus. BALB/c mice were immunized with 
pcDNA3JEME at 100 twice at an interval of 2 weeks. At 2 weeks after the 
second immunization, the spleen cells were harvested and stimulated by incuba- 
tion with C6736-grown virus (JEV) or culture fluid from uninfected C6736 cells 
(None) for 6 days. Cytotoxic activities against JE virus-infected (JEV) or mock- 
infected (Mock) PMK cells were measured at an E/T ratio of 100:1 by the 
standard chromium release method (see Materials and Methods for details). 



Target Treatment 
JEV None 
C 

Anti-CD3 + C 
Anti-CD4 + C 
Arrti-CD8 + C 
Mock None 

Ts 30 

% Specific Lysis 

FIG. 3. Phenotypic analysis of CTLs by cell depletion with the indicated 
antibodies and complement. BALB/c mice were immunized with pcDNA3JEME 
at 100 p.g twice at an interval of 2 weeks. Four weeks later, the spleen cells were 
harvested and incubated with C6736-grown virus for 6 days. After cell depletion 
(see Materials and Methods for details), cytotoxic activities were measured at an 
E/T ratio of 120:1 with 51 Cr-labeled P815 ceils infected with vP829. JEV, JE 
virus; Mock, mock infected. 
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FIG. 4. Target antigen analysis of CTLs. BALB/c mice were immunized with 
pcDNA3JEME at 100 jig twice at an interval of 2 weeks. At 3 weeks later, the 
spleen cells were harvested and incubated with C6/36-grown virus for 6 days. 
Cytotoxic activities were measured at the indicated E/T ratios with 51 Cr-labeled 
P815 cells infected with a recombinant vaccinia virus encoding no antigens 
(parental virus vP410), prM, E, and NS1 (vP555), E and NS1 (vP658), or prM 
and E (vP829) or mock infected (Mock). JEV, JE virus. 



CD8-positive and CD4-negative T lymphocytes were responsi- 
ble for cytotoxic activities. 

We investigated JE virus proteins recognized by CTLs by 
using P815 cells infected with recombinant vaccinia viruses 
expressing different JE virus antigens (Fig. 4). Spleen cells ob- 
tained from BALB/c mice immunized twice with 100 \ig of 
pcDNA3JEME and stimulated in vitro with JE virus were used 
for this experiment. Specific cytotoxic activities were observed 
against target cells infected with vP555, vP658, and vP829; all 
of these recombinant viruses expressed E protein with or with- 
out prM protein. These results suggest that the predominant 
CTLs induced in pcDNA3JEME-immunized mice recognized 
E protein. Since target cells expressing prM protein alone were 
not used in this experiment, the presence or absence of a minor 
population of CTLs which specifically recognize prM protein 
could not be determined. 

Duration of immunity induced by pcDNA3JEME. The levels 
of NEUT antibodies and protective immunity were examined 
with groups of two male BALB/c mice at 1 to 6 months after 
one immunization with pcDNA3JEME at 100 fig. Since unde- 
tectable levels of NEUT antibodies were found in ICR mice 3 
weeks after one immunization (at 7 weeks of age; Table 2), the 
BALB/c mice in this experiment testing duration of immunity 
were challenged at different intervals following immunization, 
and the induction of NEUT antibodies at 4, 8, and 21 days after 
challenge was used as an indicator of the presence of vaccina- 
tion-induced memory B ceils (Table 3). As expected, prior to 
challenge (day -2 in Table 3), only low or undetectable NEUT 
antibody titers were observed for each pair of mice immunized 
with pcDNA3JEME, and no NEUT antibodies were detect- 
able in mice inoculated with PBS. Following challenge, the 
NEUT antibody titers in mice immunized with pcDNA3JEME 
were elevated to 1:160 to 1:640 by day 4 and to 1:320 to 1:1,280 
by day 8, and these levels were maintained or further increased 
until day 21. On the other hand, the titers of NEUT antibodies 
in unimmunized mice remained low (undetectable or 1:10) 
until days 4 and 8. All unimmunized mice died before day 10, 
and all immunized mice survived throughout the observation 
period (21 days). Although only two mice were used per group 
in this experiment, the results indicate that mice immunized 
with pcDNA3JEME maintained sufficient memory B cells to 
supply high titers of NEUT antibodies if challenged within 6 
months of immunization. 

The levels of memory CTLs were examined with two 



male BALB/c mice at 6 months after one immunization with 
pcDNA3JEME at 100 \ig. The percentages of specific lysis 
obtained against vP829- and vP410-infected targets were 39.3 
and 13.6% at an E/T ratio of 400:1 and 23.9 and 5.4% at an E/T 
ratio of 200:1, respectively. This result indicates that mice 
immunized with pcDNA3JEME maintained detectable levels 
of memory CTLs for at least 6 months. 

DISCUSSION 

This paper demonstrates that the JE virus prM and E genes 
introduced into mice in the form of plasmid DNA induced 
NEUT antibodies, CTLs, and protective immunity. In flavi- 
virus infections, the prM, E, and NS1 proteins have been con- 
sidered to induce protective immunity, since protection of mice 
from lethal challenge has been shown by passive transfer of 
monoclonal antibodies against the prM (10), E (11, 24) and 
NS1 (7) proteins. Recently, several epitopes on other viral 
proteins important for the induction of cellular immunity, in- 
cluding CTLs, were analyzed (5, 20, 21), but no epitopes were 
demonstrated to be responsible for protection. Although pas- 
sive transfer of JE virus-specific CTLs protected mice from 
lethal challenge (27), the epitopes recognized by these CTLs 
were not characterized. 

Our previous studies with poxvirus-based recombinant JE 
viruses demonstrated the proper synthesis of intracellular and 
extracellular forms of prM and E proteins in cells infected with 
recombinants encoding the signal sequence of prM, prM, and 
E, independent of the vector virus used: vaccinia virus (15, 16), 
canary poxvirus (18), and Sindbis virus (30). Furthermore, a 
similar cassette can be used to synthesize extracellular particles 
containing the structural proteins of other flaviviruses, includ- 
ing yellow fever virus (29), dengue type 1 virus (4), and tick- 
borne encephalitis virus (1). In the present study, we showed 
that a plasmid carrying these JE virus genes could be used to 
produce E protein in COS7 and Vero cells. Since the in vitro 
transfection efficiency of pcDNA3JEME was low in these cells, 
we did not attempt to identify extracellular forms of E in 
transfected cell cultures. However, the proper synthesis of E in 
the transfected cells was supported by the induction of specific 



TABLE 3. Duration of immunity to pcDNA3JEME 
in BALB/c mice 0 



Interval between 
immunization 
and challenge 
(mo)* 


Immunogen 


-2 


NEUT titer* at day* 
4 8 21 


Survi- 
val' 


1 


pcDNA3JEME 


1:10 


1:160 


1:320 


1:640 


2/2 


1 


PBS 


<1:10 


1:10 


1:10 


NA' 


0/2 


2 


pcDNA3JEME 


<1:10 


1:160 


1:640 


1:640 


2/2 


4 


pcDNA3JEME 


1:10 


1:160 


1:640 


1:640 


2/2 


4 


PBS 


<1:10 


1:10 


NA 


NA 


0/2 


6 


pcDNA3JEME 


1:10 


1:640 


1:1,280 


al:l,280 


2/2 



" The duration was demonstrated by protection from challenge and anamnes- 
tic antibody response at up to 6 months following a single immunization. 

b Groups of two male BALB/c mice were inoculated with PBS or 100 jig of 
pcDNA3JEME at 6 weeks of age and then challenged 1, 2, 4, or 6 months later. 

c Represented as the serum dilution yielding a 90% reduction in plaque num- 
ber. 

J Days relative to challenge. Day -2 indicates 2 days before challenge. 

* Number of surviving mice/total number of mice tested 21 days after challenge 
with the same dose of the P3 strain of JE virus as was used for the challenge of 
ICR mice (Table 2). 

/ NA, serum was not available due to the death of mice. Two mice immunized 
with PBS 1 month earlier died on days 6 and 10, and two mice immunized with 
PBS 4 months earlier died on days 6 and 8. 
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antibodies, CTLs, and protective immunity in mice inoculated 
with pcDNA3JEME. 

Several devices to increase the level of expression of JE 
virus-proteins were incorporated into pcDNA3JEME. We 
chose a vector with a strong eukaryotic promoter derived from 
human cytomegalovirus and a well-characterized polyadenyla- 
tion signal derived from bovine growth hormone. We inserted 
a strong eukaryotic initiation site containing an ACC sequence 
which precedes the AUG start codon and which has been 
reported to be an optimal sequence for initiation by eukaryotic 
ribosomes (19). We also altered the prM signal sequence to 
enhance expression. Specifically, we added 5 amino acids to the 
15-amino-acid sequence that we used in earlier poxvirus re- 
combinants (15, 25), based on results which were obtained with 
recombinant vaccinia viruses encoding similar cassettes for 
other flavivirus genomes and which showed that longer prM 
signal sequences resulted in higher levels of synthesis of extra- 
cellular particles (data not shown). Furthermore, we did not 
include the gene for NS1 in pcDNA3JEME, since the produc- 
tion of extracellular particles (which we believe are the critical 
immunogens) from cells infected with vP829 carrying the prM 
and E genes was eight times higher than the production with 
vP555 carrying the prM, E, and NS1 genes and since vP829 
induced higher levels of protective immunity than vP555 in 
mice (15). 

Induction of CTLs is one of the prominent features of DNA 
immunization. Cumulative experimental data have established 
a theory that peptides expressed by foreign genes introduced 
into cells are bound to major histocompatibility complex 
class I molecules and are recognized by CD8-positive T lym- 
phocytes, including CTLs (6). In the present study, memory 
CTLs were demonstrated in pcDNA3JEME-immunized BALB/c 
mice. CTLs induced by pcDNA3JEME immunization recog- 
nized mainly E protein, consistent with our previous data in- 
dicating that recombinant poxviruses carrying prM, E, and 
NS1 proteins induced CTLs that recognized mainly E pro- 
tein (13). Interestingly, mice immunized once with 100 |xg of 
pcDNA3JEME, which did not induce high levels of NEUT 
antibodies, were protected from lethal challenge. Immuniza- 
tion with the same dose of pcDNA3JEME induced CTLs in 
BALB/c mice, making it tempting to speculate that the pro- 
tection observed in animals given a single dose of 100 jig was 
due to CTL responses. However, it is possible that low levels of 
antibodies (below the detection limit in our assay) present 
prior to challenge or antibodies produced by memory B cells 
and helper T cells that were rapidly activated following i.p. 
exposure to the challenge virus may have been responsible for 
protection. Current studies are aimed at determining the com- 
ponents that confer protection in our murine challenge system. 

Consistent with the current view on protection from cyto- 
pathic viruses (9), studies of JE virus suggest that preexisting 
antibodies provide the critical and predictive factor in protec- 
tion. In our previous experiments, recombinant vaccinia vi- 
ruses that express the E protein synthesized in a misfolded 
form in infected cells failed to induce NEUT antibodies and 
provided little protection from challenge (25). In the present 
study, using DNA vaccines, we discovered an immunization 
strategy in which animals with low or undetectable levels of 
NEUT antibodies were protected from challenge. Following 
challenge, the sera from these animals contained high levels of 
NEUT antibodies, indicating a significant secondary immune 
response due to the challenge virus (probably due to replica- 
tion at peripheral sites). We previously reported the replica- 
tion of challenge virus in mice which had high prechallenge 
NEUT titers against JE virus (15), indicating that sterile im- 
munity may be difficult to achieve in our challenge system. 



Nevertheless, the data presented in this paper suggest that 
protection induced by delivery of JE virus gene subsets by 
recombinant viruses or as naked DNA may result from a dif- 
ferent mechanism. Thus, in addition to its usefulness as a vac- 
cine candidate, naked DNA immunization could be useful for 
elucidating the mechanisms of protection against flavivirus dis- 
eases. 
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We analyzed the CD4+ T-lymphocyte responses to dengue, West Nile, and yellow fever, viruses 4 months 
after immunization of a volunteer with an experimental live-attenuated dengue virus type 1 vaccine (DEN-1 
45AZ5). We examined bulk culture proliferation to noninfectious antigens, determined the precursor 
frequency of specific CD4 + T cells by limiting dilution, and established and analyzed CD4 + T-cell clones. Bulk 
culture proliferation was predominantly dengue virus type 1 specific with a lesser degree of cross-reactive 
responses to other dengue virus serotypes, West Nile virus, and yellow fever virus. Precursor frequency 
determination by limiting dilution in the presence of noninfectious dengue virus antigens revealed a frequency 
of antigen-reactive cells of 1 in 1,686 peripheral blood mononuclear cells (PBMC) for dengue virus type 1, 1 in 
9,870 PBMC for dengue virus type 3, 1 in 14,053 PBMC for dengue virus type 2, and 1 in 17,690 PBMC for 
dengue virus type 4. Seventeen CD4+ T-cell clones were then established by using infectious dengue virus type 
1 as antigen. Two patterns of dengue virus specificity were found in these clones. Thirteen clones were dengue 
virus type 1 specific, and four clones recognized both dengue virus types 1 and 3. Analysis of human leukocyte 
antigen (HLA) restriction revealed that five clones are HLA-DRw52 restricted, one done is HLA-DP3 
restricted, and one clone is HLA-DP4 restricted. These results indicate that in this individual, the CD4+ 
T-lymphocyte responses to immunization with live-attenuated dengue virus type 1 vaccine are predominantly 
serotype specific and suggest that a multivalent vaccine may be necessary to elicit strong serotype-cross-reactive 
CD4 + T-lymphocyte responses in such individuals. 



Dengue viruses are members of the family Flaviviridae; 
they are transmitted by Aedes aegypti mosquitoes. There are 
an estimated 100 million cases of dengue virus infection in 
the world each year, occurring predominantly in the tropical 
and subtropical regions of Central and South America and 
Southeast Asia (5). The majority of infections are asymp- 
tomatic or cause a self-limited illness known as dengue 
fever. The more severe form of dengue infection, dengue 
hemorrhagic fever-dengue shock syndrome, is characterized 
by plasma leakage and may be life threatening (5). Because 
of the significant morbidity and mortality attributable to 
dengue viruses, efforts are under way to develop a safe and 
immunogenic vaccine. 

There are four serotypes of dengue virus, types 1, 2, 3, and 
4. Immunity to the infecting serotype is believed to be 
lifelong (5, 6). Following natural infection; cross-reactive 
antibody responses are elicited; however, protection to 
heterologous dengue virus serotypes is short lived, on the 
order of several months (14). Cross-reactive T-cell responses 
have been observed in humans following natural infection or 
immunization with live-attenuated dengue virus vaccines (4, 
10). Our laboratory has demonstrated dengue virus serotype 
cross-reactive CD4 + lymphocyte responses in the bulk cul- 
ture of the peripheral blood mononuclear cells (PB*vfC) of an 
individual immunized against dengue virus type 3 (11). Six 
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patterns of dengue virus and flavivirus specificities were 
noted in CD4 + T-cell clones from this individual: dengue 
virus type 3 serotype specific, dengue virus subcomplex 
specific (dengue virus types 1, 2, and 3, and dengue virus 
types 2, 3, and 4), dengue virus serotype cross-reactive, and 
two patterns of flavivirus cross-reactivity (8). Cell-mediated 
immunity is believed to be necessary for the control of virus 
infections. The level of T-cell recognition of viruses has been 
studied to a limited degree in the evaluation of the immuno- 
genicity of experimental human immunodeficiency virus 
vaccines (13). In our study, T-cell memory responses in- 
duced in a dengue virus-naive recipient by an experimental 
live-attenuated dengue virus type 1 vaccine were analyzed at 
bulk culture, precursor frequency, and clonal levels to 
determine the immunogenicity of this vaccine. These studies 
reveal a high CD4 + T-cell precursor frequency to dengue 
virus type 1 (1 in 1,686) compared with the other three 
serotypes. Of 17 cytotoxic CD4 + clones, 13 were dengue 
virus type 1 specific and 4 were dengue virus type 1-dengue 
virus type 3 cross-reactive. 

MATERIALS AND METHODS 

Viruses. Dengue virus type 1 (Hawaii strain) and dengue 
virus type 2 (New Guinea C strain) were provided by Walter 
E. Brandt, Walter Reed Army Institute of Research. Dengue 
virus type 3 (CH53489 strain), was provided by Bruce L. 
Innis, Armed Forces Institute of Medical Science, Bangkok, 
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Thailand. Dengue virus type 4 (814669 strain) was provided 
by Jack McCown, Walter Reed Army Institute of Research. 
Yellow fever virus (YFV) (17D strain) was provided by 
Jacob J. Schlesinger, University of Rochester School of 
Medicine and Dentistry. West Nile virus (WNV) (E101 
strain) was provided by Margo Brinton, Georgia State Uni- 
versity. Viruses were propagated in C6736 mosquito cells to 
titers of 10 7 to 10 s PFU/ml as previously described (9) and 
frozen at -7(TC until use. 

Experimental dengue virus type 1 vaccine (DEN-1 45AZ5). 
The virus seed was originally isolated by Leon Rosen, 
National Institute of Allergy and Infectious Diseases, from 
the serum of a child with dengue fever. The virus was 
isolated and subsequently passaged in diploid fetal rhesus 
lung (FRhl-2) cell culture. A small plaque was selected and 
mutagenized with 5-azacytidine. This seed was subsequently 
prepared by the Salk Institute at the Swiftwater, Pa., facility. 
The vaccine was administered to two healthy volunteers, 
who subsequently developed classic dengue fever (12). To 
further attenuate the strain, the virus was passaged 27 times 
in primary dog kidney cells (PDK) and vaccines were 
prepared in FRhl-2 cells from PDK passages 10, 20, and 27. 
The PDK passage 27 vaccine was given to 10 individuals; 
only 60% developed neutralizing antibodies (unpublished 
data). 

Preparation of dengue virus antigens. Dengue virus anti- 
gens, YFV antigen, and WNV antigen were prepared as 
previously described (10). Briefly, Vero cells were infected 
with viruses at a multiplicity of infection of 1 PFU per cell 
and cultured in minimal essential medium with 2% fetal calf 
serum (FCS). Cells were removed with cell scrapers when 
50% cytopathic effect was observed. They were washed 
three times in phosphate-buffered saline (PBS) at 4°C, 
treated with 0.025% glutaraidehyde (Sigma Chemical Co., 
St. Louis, Mo.) in PBS for 15 min at 4°C, washed three times 
with PBS, and resuspended in RPMI 1640 medium. Cells 
were sonicated and centrifuged at 1,500 x g for 10,min. The 
supernatant fluid was collected and used as the virus antigen. 
Control antigen was prepared with uninfected Vero cells in 
similar fashion. t 

Human PBMC. Peripheral blood specimens were obtained 
from the donor 4 months after vaccination' with DEN-1 
45 AZ5 PDK passage 27. This donor was a 38-year-old white 
man who had never traveled outside of the United States. 
His serum did not contain antibody to dengue viruses prior 
to enrollment in a phase I clinical trial' at University of 
Maryland Center for Vaccine Development. Following im- 
munization, this volunteer experienced a mild dengue illness 
between days 10 and 19, with rash, malaise, arthralgia, 
myalgia, eye pain, headache, and nausea but no fever. He 
did not have detectable viremia but developed immunoglob- 
ulin M antibody to dengue virus type 1 and a neutralizing 
antibody titer of 1:90 at 31 days postvaccination. PBMC 
were separated by density gradient centrifugation with 
Ficoll-Hypaque (2). The cells were resuspended at 10 7 /ml in 
RPMI medium with 10% FCS (Sigma) and 10% dimethyl 
sulfoxide and cryopreserved until use. 

Proliferative responses of PBMC. Proliferation assays of 
PBMC were performed as previously described (10). PBMC 
(1.5 x 10 3 to 2.5 x 10 5 ) were cultured with viral anti^ns at 
various dilutions in 0.2 ml of AIM-V medium 'GIBCO 
Laboratories, Grand Island, N Y.) containing 10% human 
AB serum (Advanced Biotechnologies, Inc., Columbia, 
Md.) in 96-well round-bottom microtiter plates (Costar, 
Cambridge, Mass.) at 37°C for 6 days. The cells were pulsed 
with 1.25 u.Ci of tritiated thymidine ([ 3 H}TdR),for 6 h before 



harvest with a multiharvester (Titertek; Skatron Inc. Ster- 
ling, Va.). [ 3 H]TdR incorporation was counted in a liquid 
scintillation counter (1205 Betaplate; Pharmacia, Wallac Oy, 
Finland). . 

Dengue virus-specific precursor frequency by the limiung- 
dilution method. The limiting-dilution assay was based on the 
method of Van Oers et al. (17). Thirty replicate wells 
containing various numbers (range, 625 to 20,000 cells per 
well) of PBMC were cultured in 0.2 ml of AIM-V containing 
10% human AB serum with 1:320 diluted dengue virus 
antigen, control antigen » or no antigen in the presence of 7 x 
10 4 autologous 7-irradiated (3,500 rads) PBMC and 2 U of 
recombinant human interleukin-2 (Collaborative Research, 
Inc., Bedford, Mass.) per ml in 96-well round-bottom micro- 
titer plates. For cord blood PBMC, 18 replicate wells con- 
taining various numbers (range, 5,000 to 20,000 cells per 
well) of PBMC were prepared as above. After 6 days, 50 u,l 
of fresh medium containing 5 U of recombinant human 
interleukin-2 per ml was added to all wells. The cultures 
were pulsed 4 to 6 days later with 1.25 uCi of [ 3 H]TdR per 
well for 8 h and harvested as above. Positive cultures were 
defined as having levels of [ 3 H]TdR incorporation that were 
greater than 3 standard deviations above the mean of the 30 
replicate unstimulated wells. By this method, the false- 
posith/ity rate is limited to less than 0.14% (3). 

Establishment of dengue virus-specific T-cell clones by 
limiting dilution. Dengue virus-specific T-celi clones were 
established as previously reported (11). PBMC (4 x 10 6 
cells) were cultured with l:2-diluted dengue virus type 1 in 
RPMI 1640 medium containing 10% heat-inactivated pooled 
human AB serum, penicillin-streptomycin, glutamine, and N- 
2-hydroxyethylpiperazineW-2-ethanesulfonic acid (HEPES; 
Sigma) and placed in 96-well round-bottom microtiter plates. 
The plates were incubated for 7 days at 37°C. On day 7, the 
cells were collected and cultured at a concentration of 1, 3, 
10, and 100 cells per well in 0.15 ml of AIM-V containing 
10% pooled human AB serum, 10% T-cell growth factor 
(Cellular Products, Inc., Buffalo, N.Y.), HP radiated 
(3,500 rads) autologous PBMC, and l:3-diluted dengue virus 
type 1. On day 4; 0.05 ml, of fresh medium with human AB 
serum and T-cell growth factor was added. On day 7, 0.1 ml 
of supernatant was removed and fresh medium was added as 
above. In addition, 10 s 7-irradiated (3,500 rads) autologous 
PBMC and l:2-diluted dengue virus type 1 were added. On 
days 14 and 21^ growing cells were transferred to 48-welI 
flat-bottom plates (Costar) and cultured with 10 6 7-irradiated 
PBMC. 

Establishment of fymphoblastoid ceil lines. PBMC (2 x 10 6 
cells) were cultured in RPMI 1640 medium containing 10% 
FCS, penicillin, streptomycin, glutamine, and HEPES in the 
presence of l:3-diluted Epsteb-Barr virus from an infected 
marmoset cell line, B95-8 (ATCC), in 24-well flat-bottom 
plates (Costar) (15). 

Preparation of target cells. Lymphoblastoid cells (4 x ICr 
cells) were cultured for 16 to 20 h in RPMI 1640 medium 
containing 10% FCS and 1:50 diluted dengue virus, YFV, 
WNV, or control antigens. The cells were then washed and 
labeled with 51 Cr (Dupont NEN, Boston, Mass.) to be used 
as target cells. * { 

Cytotoxicity ; assays. Target cells (4 x 10 5 cells) were 
labeled with 0.25 |mCi of M Cr in 0.2 ml RPMi medium plus 
10% FCS for 60 min, washed three times with RPMI medium 
plus 10% FCS, and resuspended at 10* cells per ml. Targets 
were plated at 10* per well in 0.1 ml RPMI medium plus 10% 
FCS in V-bottom microliter plates (Costar). Effector cells 
were added at different concentrations in triplicate in 0.1 ml 
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TABLE 1. Proliferation responses of the PBMC of a dengue 
virus type 1 vaccine recipient to dengue and flavrvirus 
antigens in bulk culture 0 



Antigen 


[ 3 HJTdR incorporation (cpm) at 
viral antigen dilution of: 


1:160 


1:32) 


1:640 


Dengue virus type 1 

Dengue virus type 2 

Dengue virus type 3 

Dengue virus type 4 

WNV 

YFV 

Control 


41,001 
16,387 
16,412 
7,220 
894 
14,649 
161 


54,265 
16,512 
17,631 
6,501 
13,262 
7,642 
1,586 


34,832 
7,322 
8,030 
4,417 
9,043 
5,539 
1,856 



a PBMC (2 x 10 s cells) were incubated for 6 days in the presence of serial 
dilutions of dengue virus, flavrvirus, and control antigens. Cells were pulsed 
with 1.25 u,C3 of ['HJTdR for 6 h, and [ J H]TdR incorporation was measured. 
No antigen control mean is 1,379 cpm. 



of RPMI medium plus 10% FCS. The plates were centrifuged 
at 200 x g for 5 min and then incubated at 37°C for 5 h. 
Following incubation, the supernatant fluids were harvested 
and counted in an automatic gamma counter. The percent 
specific 51 Cr release was calculated from the following 
formula: [(cpm experimental release - cpm spontaneous 
release)/(cpm maximal release - cpm spontaneous release)] 
x 100. 

Inhibition of lysis of dengue virus type 1 antigen-pulsed 
target cells by monoclonal antibodies directed against class II 
human leukocyte antigens (HLA). Monoclonal antibodies 
B7/21.7, S3/4, and OKIal recognize HLA-DP, HLA-DQ, 
and HLA-DR determinants, respectively. B7/21.7 and S3/4 
were kindly provided by Nancy Reinsmoen, University of 
Minnesota, Minneapolis. OKIal was purchased from Ortho 
Diagnostic Systems, Inc., Raritan, N.J. The 10th Interna- 
tional Histocompatibility Workshop tymphoblastoid cell 
lines (American Society for Histocompatibility and Immu- 
nogenetics, Lenexa, Kans.) were used as target cells. A total 
of 10 3 51 Cr-labeIed target cells in 0.05 ml of RPMI medium 
plus 10% FCS were incubated with 0.05 mi of l:20-diluted 
monoclonal antibodies for 30 min. The effector cells were 
then added in 0.1 ml, and the mixture was incubated for 6 h. 
The perc.ut specific 51 Cr release was determined as de- 
scribed above. 

Pbenotype analysis. Cell surface antigens CD3, CD4 and 
CDS were analyzed by using fluorescein isothiocyanate- 
conjugated monoclonal antibodies anti-Leu4, anti-Leu2 and 
anti-Leu3 (Becton Dickinson Co., Mountain View, Calif.), 
respectively. Briefly, 20 |tl of antibody was added to 0.5 x 
10 6 to 1 x 10* cells and incubated for 30 min at 4°C. The cells 
were then washed twice' in cold PBS and analyzed by a 
fluorescence-activated cell sorter or by fluorescence micros- 
copy. 

Statistical analysis. Antigen-reactive cell frequencies were 
calculated by using a computer-assisted Taswell analysis 
provided by Richard A. Miller, University of Michigan, Ann 
Arbor (16). 

RESULTS 

Profffcratrre responses of PBMC to noninfectious dengue 
virus antigens. We first examined the dengue.virus serotype 
specificity and flavrvirus specificity of CD4+ memory T cells 
in bulk culture proliferation assays. PBMC. were cultured 
with antigens of the four dengue virus serotypes, WNV, 
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FIG. 1. Precursor frequency analysis of T lymphocytes specific 
for dengue virus type 1, 2, 3 and 4 antigens. Thirty replicate wells 
containing various numbers (625 to 10,000 cells per well) of PBMC 
were cultured in 0.2 ml of AIM-V containing 10% human AB serum 
with 1:320 diluted dengue virus antigen, control antigen, or no 
antigen in the presence of 7 x 10 4 autologous -/-irradiated PBMC 
and 2 U of recombinant interleukin-2 per ml. A 50-jtl volume of 
media containing 5 U of interleukin-2 per ml was added to all the 
wells on day 6. [ 3 H]TdR incorporation was examined on day 10. 
Positive cultures were denned as having levels of [ 3 H]TdR incorpo- 
ration that were greater than 3 standard deviations above the mean 
of 30 replicate unstimulated wells. Symbols: O, control antigen; A, 
dengue virus type 1 antigen; O, dengue virus type 2 antigen; □, 
dengue virus type 3 antigen; V, dengue virus type 4 antigen. 



YFV, or control antigens at 1:160, 1:320 and 1:640 dilutions, 
and the levels of pH]TdR incorporation were assessed 
(Table 1). Dengue virus type 1 antigen induced the highest 
level of proliferation, and dengue virus types 2, 3, and 4, 
WNV, and YFV antigens induced proliferation to a lesser 
extent. Control antigen did not induce a proliferative re- 
sponse. T lymphocytes that respond to these noninfectious 
dengue virus antigens are predominantly CD4 + (10, 11, 18). 
These results suggest that dengue virus-specific CD4 + mem- 
ory T lymphocytes of this donor are predominantly dengue 
virus type 1 specific and that dengue virus- and flavrvirus- 
cross-reactive CD4 + memory T lymphocytes are present to 
a lesser degree. 

Precursor frequency! of memory CD4 + T cells to dengue 
viruses. To quantitate the level of CD4 + memory T cells 
induced in this donor by the dengue virus type 1 vaccine, we 
performed a precursor frequency analysis by limiting dilu- 
tion in the presence of noninfectious dengue virus antigens 
as described in Materials and Methods. Results of a repre- 
sentative experiment are shown in Fig. 1. The CD4 + T-cell 
precursor frequency is highest for dengue vims type 1 (1 in 
1,686 PBMC [95% confidence interval, 1,297 to 2,410]) and is 
followed by those for dengue virus type 3 (1 in 9,870 PBMC 
[95% confidence interval, 7,781 to 13,492]), dengue virus 
type 2 (1 in 14,053 PBMC [95% confidence interval, 10,718 to 
20,400]), and dengue virus type 4 (1 in 17,690 PBMC [95% 
confidence interval, 13,204 to 26,792]). As a negative control 
in a parallel experiment, cord blood PBMC cultured in 
similar fashion showed no antigen-reactive cells when 18 
replicate wells were plated at up to 20,000 PBMC per well 
(data not shown). These data confirm the results with the 
bulk cultures, which suggest that the CD4 + memory T 
lymphocyte induced by the DEN-1 45AZ5 vaccine is pre- 
dominantly dengue virus type 1 specific. 

Virus and serotype specificity of responding cells by estab- 
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TABLE 2. Dengue serotype and fiavivirus specificities of CD4+ 
cytotoxic T-cell clones" 

% Specific 5l Cr release*" by: 



Gone 


Erf* 


DlAj** 


D2Ag 


D3Ag 


D4Ag 


WNV YFV* 


Conl 


NoAg 


1 


16:1 


22 


0 


0 


0 


ft 

u 


ft 

u 


0 


0 


3 


15:1 


3fl 
8Q 


0 


0 


0 


0 


0 


0 


0 


5 


12:1 


0 


0 


0 


0 


0 


u 


ft 


6 


3:1 


5Q 


0 


0 


0 


0 


0 


0 


0 


7 


14:1 


21 


0 


0 


0 


0 


0 


0 


0 


9 


14:1 


44 


0 


0 


0 


0 


0, 


0 


0 


10 


13:1 


82 


0 


23 


0 


0 


0 


0 


0 


13 


6:1 


44 


0 


0 


0 


0 


0 


0 


0 


14 


16:1 


& 


0 


0 


0 


0 


0 


0 


0 


15 


6:1 


21 


0 


M 


0 


0 


0 


0 


0 


16 


9:1 


2Z 


0 


2Q 


0 


0 


0 


0 


0 


17 


6:1 


22 


0 


0 


0 


0 


0 


0 


0 


18 


9:1 


22 


0 


ft 


0 


0 


0 


0 


0 


20 


7:1 


2Q 


0 


0 


0 


0 


0 


0 


0 


24 


15:1 


25 


0 


0 


0 


0 


0 


0 


0 


32 


13:1 


24 


0 


0 


0 


0 


0 


0 


0 


33 


5:1 


22 


0 


0 


0 


0 


0 


0 


0 



TABLE 3. Inhibition of target cell lysis by monoclonal antibodies 
directed against class II HLA° 



a Target cells (1.0 x 10 3 ) were incubated with effector cells for 5 h. Cr 
release was calculated as described in Materials and Methods. 
h E:T, effector-to-target cell ratio. 

c Underlines indicate significant levels of lysis. Cont, control antigen; 
NoAg, no antigen. . , 

d Dengue virus antigens, WNV antigen, and YFV antigen were prepared as 
described in Materials and Methods. 



lishment of dengue virus-specific CD4 + T-cell clones. To 

further analyze the dengue virus serotype specificity and 
fiavivirus specificity of CD4 + memory T cells in this donor, 
we established dengue virus-specific CD4 + CD8 T-ceil 
clones by limiting dilution as described in Materials and 
Methods. Seventeen CD4 + T-cell clones were established. 
The fiavivirus specificities and dengue virus serotype speci- 
ficities of the clones were examined in cytotoxic T-lympho- 
cyte assays. The results of these assays are shown in Table 
2. Thirteen clones were dengue virus type 1 specific. Four 
clones recognized both dengue virus type 1 and 3 antigens. 
Dengue virus types 2 and 4, WNV, and YFV were not 
recognized by any of these CD4+ T-cell clones. These 
results are consistent with those obtained in bulk culture 
proliferation assays and suggest that dengue virus type 
1-specific CD4 + T cells were induced predominantly by 
immunization with this experimental dengue virus type 1 
vaccine. 

HLA restriction of the lysis of target cells by CD4 + T-cell 
clones. HLA restriction of the lysis of target cells by six 
dengue virus-specific CD4 + T-cell clones' was first examined 
by using monoclonal antibodies to HLA class II molecules 
(Table 3). Monoclonal antibody to HLA-DP inhibited the 
lysis of target cells by dengue virus type 1-specific clones 17 
and 20. Monoclonal antibody to HLA-DQ did not inhibit the 
lysis of target cells. Monoclonal antibody to HLA-DR inhib- 
ited the lysis of dengue virus type 1-specific clones 7, 9, and 
24 and dengue virus type 1-dengue virus type 3 cross- 
reactive clone 10. 

To further delineate the HLA restriction of these dengue- 
specific CD4 + T-cell clones, we analyzed the ly sis of dengue 
virus type 1 antigen-pulsed allogeneic target cells (Table 4). 
Although the HLA-DP type of the donor is not known, we 
can infer from the antibody-blocking pattern and from allo- 
target lysis that the dengue virus type 1-specific clone 17 is 
HLA-DP4 restricted and that dengue virus type 1-specific 



% Specific 51 Cr release* by: 



Clone 



Dengue virus type 1 antigen 



NoAg 





No antibody 


Anti-DP 


Anti-DQ 


Anti-DR 


7 


92 1 


88 


81 




9 


74 


71 


67 




10 


93 


88 


84 


62 


17 


41 


4 


4-« 


18 


20 


81 


42 


97 


71 


24 


52 


58 


63 


12 



a A total of 10 3 target cells were incubated with effector cells for 6 b in the 
presence of monoclonal antibodies at final dilution of 1:80. B7/21.7, : S3/4, and 
OKlal were used as anli-HLA-DP, anti-HLA-DQ, and anti-HLA-DR, re- 

SP Mn^effector-to-target cell ratio was 8:1 for clone 17; 18:1 for clone 10; 19:1 
for clones 7 and 20; and 20:1 for clones 9 and 24. 
c Underlines indicate significant inhibition of lysis. 

clone 20 is HLA-DP3 restricted. Dengue virus type 1-spe- 
cific clones 7, 9, and 24 and dengue virus type 1-dengue 
virus type 3 cross-reactive clone 10 appear to be HLA- 
DRw52 restricted! 

. : n i 

DISCUSSION 

In this study, we analyzed the dengue virus-specific CD4+ 
memory T cells in a volunteer who had received an experi- 
mental live-attenuated dengue virus type 1 vaccine 4 months 
earlier. Proliferation to noninfectious dengue virus antigens 
in bulk culture was predominantly dengue virus type 1 
specific, and there was a lower level of serotype-cross- 
reactive responses. Similar bulk culture responses were 
noted in another donor whose lymphocytes were examined 
following natural infection with dengue virus type 1 (11). We 
also determined the CD4 + precursor frequency and analyzed 
the responses of cytotoxic CD4 + CD8" T cells at the clonal 
level. The CD4 + T-cell precursor frequency was highest for 
dengue virus type 1 and lower for the other dengue virus 
serotypes. Cord blood PBMC did not react to dengue virus 
antigens. Of 17 CD4 + T-cell clones established from this 
donor, 13 were dengue virus type 1 specific and 4 were 
dengue virus type 1 and dengue virus type 3 cross-reactive. 
Six clones were analyzed for HLA restriction patterns. One 
clone was HLA-DP3 restricted, and one was HLA-DP4 
restricted. Four clones were HLA-DRw52 restricted. These 
clones did not ryse all of the HLA-DRw52-matched alloge- 
neic target cells, but this may be due to different subtypes of 
HLA-DRw52. j ! 

These results differ from our previous results, which were 
obtained by analyzing PBMC of individuals who were in- 
fected with dengue virus type 3 or 4 (references 8 and 11 and 
unpublished observation). In those individuals, bulk culture 
and clonal analysis revealed more serotype and subcomplex 
cross-reactivity than was observed in our dengue virus type 
1-immune donor. [ The reasons for this difference are not 
clear; however, possible explanations are as follows, (i) The 
differences in the levels of serotype-cross-reactrve CD4 + 
n-emory T cells after primary infection may be due to the 
differences of HLA haplotype. T cells of individuals with 
certain HLA types may dominantly recognize serotype- 
specific T-cell epitopes, whereas others with different HLA 
types recognize serotype-cross-reactrve epitopes, (ii) Den- 
gue virus type 1 may produce a more serotype-specific CD4 + 
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TABLE 4. Determination of HLA class II restriction of CD4* T-cell clones with dengue virus type 1 antigen-pulsed 

allogeneic target cells" ^ 







HLA class II type* 








% Specific 5I Cr release' 






Target 


DR 


DR 


DP 


DO 


7 


9 


10 


17 


20 


24 


Expt 1 
Autologous 
9004 
9011 
9038 
9049 
3099 


l/w6 
1 

wl5 
wl2 
7 
1 


w52 
w52 

W52 


<f 

4 

2/4 

2 

1 


wl 

W5fwl) 

wfifwn 

W / 

w2 

wi 


95 
0 
0 
65 
~0 
0 


& 
2 
0 

22 

1 0 
2 

j 


22 
SI 
0 
M 
11 
22 


NTT 
ND 
ND 
ND 
ND 
ND 


S2 
0 
0 
0 
0 
0 


&2 
0 
0 
0 
0 
0 


Expt 2 
Autologous 
9022 
9052 
9074 
9087 
3153 
JK 


l/w6 

wl7 

i 

9 

3 

w6 
2 


w52 
w52 
w53 
w53 
w52 


3 
4 

2/5 
3/4 

2 


wl 
w2 
w9 
w9 
w2 

wl 


100 
10 
0 
0 
3 
6 
0 


ii 

8 
0 
0 
0 
0 
2 


22 
j 
0 

10 
5 
3 
0 


28 
5 

22 
5 

25 
9 
0 


52 
2& 
0 
0 

11 

0 
0 


fil 

22 
0 
1 
0 
1 

22 


Expt 3 
Autologous 
9062 
GM-11 


l/w6 
wl3 


w52 
w52 


4 


wl 

w$ (wl) 


NTD 
ND 
ND 


21 
5Q 
52 


ND 
ND 
ND 


15 
0 
0 


ND 
ND 
ND 


6 
0 
0 


Expt 4 
Autologous 
3103 
3106 
£B 
CP 
PG 


l/w6 
4 
5 
7 

5/7 
3/5 


w52 
w53 

w52Av53 
W52 


2 
2 
4 
4 


wl 

wl 
w2 

w2/w3 
w2/w3 


25 
0 

26 
0 

31 

54 


t 

22 
0 

10 
0 

22 

2Q 


2S 
0 

12 
0 
14 
22 


11 
1 
1 

15 
12 
22 


2& 
0 
0 
0 
0 

10 


12 
0 
0 
0 
0 
0 



a A total of 1 x 10* targets were incubated with effectors for 5.5 h. 
6 Known HLA loci which match donor HLA are underlined. 
c The effector-to-target cell ratio was 4 ~~ 
9 (experiment 3); 10:1 for clones 10 and 3 

9 (experiment 4), and 24 (experiment 1); 1 w . . 

7 (experiment 1); and 20:1 for clones 10 and 20 (experiment 1). Underlines indicate significant levels of lysis. 

d — , locus for which HLA type is not known. 

* ND, not done. 




T lymphocyte response than the other serotypes of dengue 
virus because of the characteristic amino acid sequences of 
possible CD4+ T-cell epitopes. 

Although we used live dengue virus type 1 as the antigen 
to establish T-cell clones from this donor, only CD4 + T-cell 
clones were isolated; We have successfully established HLA 
class ^restricted CDS'* T-cell clones from the PBMC of a 
dengue virus type 4-immune donor as well as CD4 + T-cell 
clones with infectious dengue virus as the antigen (unpub- 
lished observation). The dengue virus type 1 we used, 
however, does not infect monocytes-macrophages well com- 
pared wtth the other serotypes of dengue virus. It is possible 
that a virus that does not infect these cells is better pro- 
cessed as exogenous antigens and stimulates an HLA class 
H-restricted CD4 + T lymphocyte response and hence pro- 
ductton of CD4+ T-cell clones. 

The clonal analysis revealed that a majority of the CD4 + 
T^een clones were dengue virus type 1 serotype specific, 
ahb<)u# ckmal analysis may not necessarily represent nu- 
mericdlry the specificities of the T-cell population in an 
ifidfviduaL A number of investigators have studied the 
vtru^spe^nlc cytotoxic CD8* T-tymphocyte precursor fre- 
quency (tj % however, the CD4 + T-cell precursor fre- 
querKy ha* iKtt been well characterized. We performed a 
G£W* precursor frequency determination for each dengue 



virus serotype. The CD4 + T-cell precursor frequency for 
dengue virus type 1 was quite high (1 in 1,686 PBMC) and 
was 5 to 10 times greater than the frequency for the other 
dengue serotypes. Analysis of the CD4 + T-cell clones estab- 
lished from this individual reflects this ratio. None of the 
clones that we established recognized dengue virus type 2 or 
4. According to the precursor frequencies for each serotype 
of virus, the number of CD4 + T-cell clones specific for 
dengue virus types 2 and 4 would be expected to be 1 or 2 of 
the 17 clones. It is possible that the T-cell clones cross- 
reactive for dengue virus types 2 and 4 would have been 
apparent if a larger number of clones had been established. 
Another explanation is that serotype-cross-reactive CD4 + T 
cells respond to dengue virus type 2, 3, or 4 to a higher 
degree than to dengue virus type 1. Therefore, although 
these serotype-cross-reactive CD4 + T cells were detectable 
at low precursor frequencies by using antigens of other 
serotypes, they were not established as clones when dengue 
virus type 1 was used as the stimulating antigen. 

The level of the dengue virus type 1-specific memory T 
cell in this study was high. This may be because the PBMC 
were obtained from this subject only 4 months after immu- 
nization. It will be important to monitor the changes in the 
levels of memory CD4 + T cells in this subject. We also plan 
to determine the levels of dengue virus-specific CD8 + T cells 
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in this individual. Although the relationship between the 
frequencies of virus-specific memory T cells and the ability 
to recover from infection is not known, the analysis of the 
precursor frequencies may provide useful information that 
could be used to understand the immunogenicity of experi- 
mental vaccines and help guide the timing of vaccination in 
future immunization strategies. The results in this paper 
suggest that in some individuals, the CD4 + T-cell responses 
to primary dengue virus type 1 infection are predominantly 
serotype specific. Thus, if one is trying to induce strong 
cross-reactive memory T cells in such individuals by immu- 
nization, a multivalent dengue virus vaccine should be 
considered. It is important to determine the percentage of 
individuals who develop predominantly serotype-specific 
responses and whether there are correlations between HLA 
types and the predominant serotype-specific responses. 
These studies should provide useful information for the 
development of safe and effective dengue virus vaccines. 
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The flavivirus structural proteins capsid (C), premembrane (prM), and envelope (E) are cleaved in that order from the N- 
terminus of the polyprotein by the ER intralumenal enzyme signal peptidase. The prM-E and E-NS1 junctions contain 
hydrophobic domains with both transmembrane and signal function. These domains reside at the C-termini of prM and E, 
respectively, after cleavage. We studied the functions of the 37-amino-acid C-terminus of the dengue virus type 4 (DEN4) 
prM (amino acids 243-279 of the DEN4 polyprotein) in the processing of prM and E. Hydrophobicity in this domain is 
interrupted by a conserved Arg residue (Arg-264) within a short amphipathic segment Hydrophobic amino acids upstream 
from Arg-264 (aa 243-263) were presumed to constitute the membrane anchor for prM (the "tm" segment). Previous results 
had suggested that sequences downstream from Arg-264 (aa 265-279) constitute the E signal peptide. RNA transcripts 
prepared from wild-type (wt) and deletion-mutant DEN4 cDNAs encoding the prM signal peptide, prM t E t and the N- 
terminus of the nonstructural glycoprotein, NS1, were translated in rabbit reticulocyte lysate in the presence of microsomes. 
Processing of wt prM and E in vitro appeared to mimic processing occurring during flavivirus infection. Analysis of mutants 
confirmed the localization of the E signal peptide within rescues 265 to 279. However, deletions within either the E signal 
peptide or the tm segment resulted in a defect in both membrane insertion of prM and cleavage of the prM-E junction. 
Membrane anchoring of prM appeared to be a two-step process requiring function of both the tm segment and the E signal 
peptide, and fully efficient prM-E cleavage was also dependent upon the integrity of both hydrophobic domains. We propose 
a model for the processing of the flavivirus structural glycoproteins based on these results, o 1994 Academic Press, inc. 



INTRODUCTION 

The flavivirus polyprotein is cleaved to derive the viral 
structural proteins capsid (C), premembrane (prM), 
and envelope (E), and the nonstructural (NS) proteins, in 
the order: C-prM-E-NS1-NS2A-NS2B-NS3-NS4A- 
NS4B-NS5 (reviewed in Chambers etai, 1990a). Cleav- 
ages of the polyprotein at the C-prM, prM-E, E-NS1, 
and probably at the NS4A-NS4B sites are mediated by 
the host cell enzyme signal peptidase (signalase) (Cham- 
bers et al, 1990b; Markoff, 1989; Nowak ef a/., 1989; Ruiz- 
Linares et al., 1989). Thus, the C-prM, prM-E, and E- 
NS1 junctions include domains with signal sequence 
function. A signal sequence (or signal peptide, or leader 
peptide) is a typically N-terminal hydrophobic sequence 
that targets a protein for translocation into the ER (Blobel, 
1980). After translocation is initiated, a signal sequence 
may be cleaved by signalase in the lumen of the ER, if 
the signal contains the requisite cleavage site amino 
acids at its C-terminus (von Heijne, 1986). 

Recognition of the signal sequence at the N-terminus 
of prM (the C-prM junction) results in initiation of the 
cotranslational translocation of prM as well as in cleav- 
age at the prM N-terminus (Markoff, 1989). For pro- 

1 To whom reprint requests should be addressed. 



cessing to proceed further, function of the structurally 
conserved hydrophobic sequence at the C-terminus of 
prM (see Fig. 1; the prM-E junction) is required: (1) 
Translocation of the prM moiety in the polyprotein must 
be arrested, and prM must be stably inserted in the mem- 
brane. These are functions of a transmembrane domain 
that depend on its hydrophobicity (Kyte and Doolittle, 
1982) and length (Davis and Model, 1985; Haeuptle et 
al., 1989). (2) In addition, translocation of E sequences 
C-terminal to prM in the polyprotein must be reinitiated, 
and the prM-E junction must be made available for 
cleavage by signalase, reiterating the functions of a sig- 
nal sequence. Processing of E similarly must depend 
upon function of the structurally conserved hydrophobic 
domain at its C-terminus (the E-NS1 junction) with the 
result that prM and E are N-glycosylated and inserted in 
the membrane in a Type I (N e x 0 Ccyto) orientation (von 
Heijne, 1988; Nowak and Wengler, 1987; Nowak et al., 
1989; reviewed in Chambers et al., 1990a). 

The C-terminal hydrophobic sequence in the. dengue 
virus type 4 (DEN4) prM (Zhao et al., 1986; see Fig. 1) is 
typical of that found in prM for all other flavivirus species 
(reviewed in Chambers etai, 1990a). It is 37 amino acids 
in length (amino acids 243 through 279 of the DEN4 
polyprotein), and its hydrophobicity is interrupted by an 
amphipathic segment (aa 259-264) containing a single 
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conserved Arg residue (Arg-264). Hydrophobic residues 
upstream from Arg-264 (aa 243-263; referred to as the 
"tm" segment) are generally thought to constitute the 
transmembrane domain for prM. Residues downstream 
from Arg-264 (aa 265-279) constitute the putative E sig- 
nal sequence (Despres et af„ 1990; Ruiz-Linares et al. t 
1989). A requirement for the amphipathic segment or 
for conserved Arg-264 in prM has not been determined. 
However, the analogous amphipathic segment within the 
hydrophobic C-terminus of the West Nile virus E has 
been proposed to jform a loop on the cytoplasmic side 
of the ER membrane, opposite the major ectodomain of 
E (Nowak and Wengler, 1987). Formation of the loop 
would require that both hydrophobic sequences that 
flank the amphipathic segment are intramembraneous 
after processing. 

The mechanisms by which the component segments 
of the hydrophobic domain at the C-terminus of prM act 
in concert to effect processing of prM and E have not 
been previously examined. This was the goal of the pres- 
ent study. Mutations were introduced into the targeted 
region of prM nucleotide sequences in a DEN4 cDNA 
construct encoding the N-terminal signal sequence for 
prM (14 amino acids), prM (166 amino acids), E (495 
amino acids), and the N-terminat 250 amino acids of NS1. 
Wild-type (wt) and mutant DEN4 cDNAs were tran- 
scribed, and RNA was translated in vitro in the presence 
of microsomes. Analysis of the processing of the wt and 
mutant polypeptides demonstrated the interdependence 
of the hydrophobic domains flanking the conserved Arg- 
264 for membrane anchoring of prM and for E signal 
function. Both the tm segment and the E signal sequence 
were required for fully efficient arrest of the translocation 
of prM and its stable membrane integration, as well as 
for cleavage at the prM-E site. In addition, conserved 
Arg-264 in the context of the short amphipathic segment 
was not required for proper processing of prM and E. A 
model for the processing of prM and E in which mem- 
brane anchoring of prM is a two-step event, including 
both the transient arrest of the translocation of prM medi- 
ated by the tm segment and subsequent recognition of 
the E signal sequence, is proposed. 

MATERIALS AND METHODS 

Construction of recombinant DNA 

The genome of DEN4 virus, strain 814669, had pre- 
viously been cloned and completely sequenced (Zhao et 
ai, 1986; Mackow et aL, 1987). A 4-kb cDNA bounded 
by BglW restriction endonuclease sites at nt 88 and 4128, 
including the 3'-terminal 1 3 nucleotides of the 5'-noncod- 
ing region and the 5'-terminus of the long ORF encoding 
C, prM, E, NS1, NS2A, and the first residue of NS2B, was 
the gift of Dr. Ching-Juh Lai. This cDNA was cloned into 
the phagemid vector pTZ18U (U.S. Biochemical) at the 
BamH\ site in the polylinker (pTZ-D4Kb). pTZ-Sal DNA 



was generated from pTZ-D4Kb DNA by methods pre- 
viously described (Markoff, 1989). pTZ-Sal DNA contains 
nt 88 to 999 of DEN4 cDNA and was used in the present 
study as a template for site-directed mutagenesis. The 
Sail site in DEN4 DNA occurs at Nt 999 to 1004. Sai\ 
cuts within the codon for aa 21 of the E sequence (aa 
300 of the polyprotein). 

To construct recombinant DNA for transcription/trans- 
lation, pTZ-D4Kb DNA was digested with the restriction 
endonuclease Apal which cut the recombinant DNA after 
nt 3168 of DEN4 cDNA, within the NS1 gene sequence 
in the long ORF. A Pst\ site was added to>4pal-linearized 
recombinant DNA by linker ligation. The product was 
digested with Pst\ to remove DEN4 cDNA extending from 
nt 3168 to the preexisting Pst\ site in the downstream 
pTZ polylinker and religated (pTZ-Apa DNA). Next, the 
5'-end of the DEN4 cDNA insert in pTZ-Apa DNA was 
modified by use of the polymerase chain reaction (PCR). 
The 5' primer for PCR (D171;AAAGGTACCACCATGGGG- 
TCAACG ATAAC ATTG CTGTG C) encoded a Kpn\ recogni- 
tion sequence, a favorable sequence for translation initia- 
tion (underlined; Kozak, 1986), the added codon GGG, 
and the first 21 nt encoding the N-terminus of the signal 
peptide for prM, which initiates at nt 399 of DEN4 cDNA 
(Zhao et ai, 1986). The 3' primer for PCR (D172; TAG- 
GTCGACCCATGCTCCACCTGA) was complementary to 
cDNA sequences proximal to the Sail site (nt 999) in the 
DEN4 sequence. 

The PCR product and pTZ-Apa DNAs were each di- 
gested with Kpn\ and Sa/I. The larger fragment of the 
resultant digested pTZ-Apa recombinant DNA, containing 
DEN4 nt 1 000 to 31 68 and pTZ vector DNA, was selected 
and ligated to the Kpnl/Sa/l-digested PCR product DNA 
Finally, the modified DEN4 Apa DNA insert, containing 
the appended translational start site and DEN4 nt 399 to 
3168 (see Fig. 1), was excised from pTZ vector DNA by 
digestion of the recombinant with Kpn\ and Pst\, selected, 
and recloned into the phagemid vector pGEM 3zf(+) (Pro- 
mega) using the homologous cloning sites in the pGEM 
polylinker (pGWt DNA). All oligonucleotide primers used 
in this and subsequent procedures were prepared using 
a PCR-Mate Model 391 oligosynthesizer (Applied Biosys- 
tems). All PCR reactions were conducted in a Perkin- 
Elmer-Cetus DNA thermal cycler using commercially 
available reagents. 

Mutagenesis of DEN4 cDNA 

(See Fig. 1 for a diagrammatic representation of mutant 
constructs.) Mutations Atm and AEss(2R) were initially 
created in pTZ-Sal DNA by site-directed mutagenesis 
(Zoller and Smith, 1983). The KpnHo-Sall segments of 
Atm and AEss[2R] mutant pTZ-Sal DNAs (containing the 
respective mutations) were then selectively amplified by 
PCR, using primers D171 and D172. PCR product cDNAs 
were in each case used to replace the wt Kpn\-to-Sal\ 
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fragment of DEN4 cDNA in the pGWt construct Muta- 
tions AEss(1R) and AEssdr were generated from 
AEss(2R) DNA using PCR by taking advantage of a 
unique Bg/\\ site introduced into AEss(2R) DNA during 
site-directed mutagenesis. The Bg/W recognition se- 
quence (AGATCT) encoded the amino acids (Arg-Ser) 
inserted into- the AEss(2R) sequence downstream from 
conserved Arg-264 (Fig. 1). Two different negative-sense 
PCR primers containing 5'-5amH1 sites (GGATCC, en- 
coding Gly-Ser) in combination with primer D171 were 
used to synthesize Kpni-Xo-BamH^ fragments encoding 
respectively the AEss(1R) and AEssdr mutations. 
AEss(2R) DNA was digested with Kpn\ and BglU, and 
the excised Kpn\-Bgl\\ fragment was then replaced by 
the Kpn\-BamH\ fragments containing the new muta- 
tions (Fig. 1). Thus, the Arg-Ser substitution encoded by 
AEss(2R) DNA is replaced by Gly-Ser in the AEss(1R) 
and AEssdr mutations. 

Similarly, the Atmdr mutation was introduced into Atm 
DNA by PCR. Opposite-sense, overlapping primers were 
synthesized that each contained a BamH] recognition se- 
quence (GGAT CC) such that the codon for Arg-264 was 
replaced by a codon for Gly (underlined) in the Bamh 
recognition sequence. These primers were used separately 
in PCR reactions to generate fragments extending up- 
stream to the Kpn\ site in Atm DNA and downstream to a 
unique A/s/l site at nt 1720 in the DEN4 sequence. Kpn\- 
BamHl and BamH\-Nsi\ PCR fragments were ligated to 
each other. The resulting Kpn\~Nsi\ fragment was digested 
with Sail and used to replace Kpn\~Sal\ sequences in Atm 
DNA in order to generate Atmdr mutant DNA Mutations 
AR and AQQR were generated from wt DNA by an analo- 
gous strategy involving the generation of a Kpn\-Nsi\ frag- 
ment containing the needed mutations. In this case, wt 
nt 883-888 (GAATCC) were altered to produce a BamW 
recognition sequence (GGATCC), a silent mutation. To pro- 
duce the AR mutation, the nt sequence of the (+)-sense 
primer was additionally altered from that of wt to delete the 
codon for Arg-264 (CGA; nt 891-893). To produce the 
AQQR mutation, the nt sequence of the (H-)-sense primer 
was altered from wt such that the codon for Arg-264 was 
deleted and the codon for Gln-263 was replaced by a codon 
for Leu. That of the (-)-sense primer was altered from wt 
to replace the codon for Gln-259 with a codon for Leu. 
Nucleotide sequencing of wt and mutant DNAs within the 
region bounded by Kpnl and Sal\ sites was performed using 
Sequenase (U.S. Biochemical). In addition to confirming the 
sequences of mutant DNAs, sequencing also revealed that 
DEN4 cDNA contained a codon for Gly (GGA; nt 834- 
836) for aa 245 (Fig. 1), rather than one for Arg (AGA), in 
contradiction to the previously published sequence of this 
DNA (Zhao eta/., 1986). 

Transcription of wt and mutant recombinant DNA 

Wt and mutant DEN4 DNAs were cloned downstream 
from the T7 RNA polymerase promoter in pGEM 3zf(+). 



For transcription, DNAs were linearized either at a un' 
HindlU site in the vector polylinker downstream f^ 6 
DEN4 DNA inserts (W/ndlll transcripts) or at the unia* 
A/s/l site in DEN4 DNA at nt 1 720 (A/s/l transcripts). Condi* 
tions for transcription of DEN4 cDNA were previousl" 
reported (Markoff, 1989). An amount of the completed 
reaction estimated to contain 1 to 3 /zg of product RNa 
was used directly for translation. 

Translation of RNA transcripts 

Reactions contained 1 to 2 fi\ of RNA transcription 
reaction (1-3 ^g RNA), 0.5 fi\ RNasin (Promega), 1.8 $ 
canine pancreatic microsomes (Promega), 0.5 0 f 1 o 
mM amino acids minus methionine (Promega), and 2 5 
pi [ 35 S]methionine (>800 Ci/mmol; 15 mCi/ml; Amer- 
sham) plus 17.5 pi micrococcal-nuclease-treated rabbit 
reticulocyte lysate (Promega). Translation was carried 
out for 60 min at 30°. After translation, the lysate was 
centrifuged at 4° to pellet membranes (5 min, 10K rpm), 
which were then washed in 0.1 ml ice-cold phosphate- 
buffered saline (PBS) and repelleted prior to further treat- 
ment. 

Deglycosylation of in wfro-synthesized proteins 

Pelleted membrane-associated proteins were resus- 
pended in 20 fi\ endo F buffer (50 mM sodium phosphate, 
pH 7, 50 mM EDTA, 0.5% NP-40, 0.1% SDS, 1.0% £-mer- 
captoethanol) and incubated at 37° for 2 to 16 hr with 
0.2 to 0.4 units of the enzyme endoglycosidase F (endo 
F; Boehringer-Mannheim). 

Radioimmune precipitation 

Peptides representing the N-terminal 15 amino acids 
of the DEN4 prM (FSLSTRDGEPLMIVA-C) or E (MRCVGV- 
GNRDFVEGV) were conjugated to keyhole-limpet hemo- 
cyanin and used to immunize rabbits. The resultant anti- 
sera each had an ELISA titer against the respective im- 
munizing peptide of > 1:800. Pelleted membrane- 
associated proteins were resuspended in 50 to 100 y\ 
RIPA buffer (150 mM NaCI, 100 mM Tris-HCI, pH 7.4, 
0.1% SDS, 1% NP-40, 1% sodium deoxycholate). Rabbit 
antisera was added to a final dilution of 1:5 to 1:20, and 
the mixture was incubated at 4° for 2 to 16 hr. Antigen- 
antibody complexes were collected on Staphylococcal 
protein A using Pansorbin (Calbiochem). 

Protease digestion of membrane-associated proteins 

Pelleted membranes were resuspended in 50 /xl of 
ice-cold thermolysin buffer (150 mM NaCI, 50 mM Tris- 
HCI, pH 7.4, 5 mM CaCI 2 ). Thermolysin (4 y\ of a 1 mg/ 
ml solution; Boehringer-Mannheim) was added, and re- 
actions were incubated for 1 to 4 hr at 4°. Proteolysis 
was arrested by the addition of EDTA to a 50 mM final 
concentration, and membranes were pelleted and 
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washed in calcium-free buffer prior to electrophoretic 
analysis. 

Elution of proteins from membranes using alkali 

Membranes resuspended in PBS were aliquoted, pel- 
leted, and resuspended in either 20 fi\ of 100 m/W sodium 
carbonate, pH 11.5, or 20 /il PBS, and incubated for 10 
min at 4°, according to a method previously described 
(Fuj'iki et al. t 1982). Membranes were then pelleted from 
suspension as described, and both supernatant and pel- 
leted fractions were saved for electrophoretic analysis. 
The association of proteins with membrane or superna- 
tant fractions after alkali exposure of membranes was 
calculated by computer-based analysis of a phosphor- 
image of the dried gel (Molecular Dynamics), except 
where noted. 

Protein electrophoresis 

Pelleted samples or Pansorbin-bound antigen/anti- 
body complexes were suspended in Tricine sample 
buffer. Supernatant fractions were mixed with an equal 
volume of 2X Tricine sample buffer. All samptes were 
then heated to 80° or boiled for 5 min. Proteins were 
separated by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE), in 16% gels employing a Tricine^based 
buffer system (Schagger and von Jagow, 1987). Electro- 
phoresis was carried out for 1 5 hr at 1 1 5 V in gels of 1 .5 
mm thickness. After fixing in 40% methanol/10% acetic 
acid, gels were fiuorographed, dried, and used to expose 
Kodak XAR-2 film. 

RESULTS 

Processing of the wt polypeptide 

pGWt DNA'(Wild type; Fig. 1) contained a start codon 
in a favorable context for translation initiation (Kozak, 
1986) followed by a codon (GGG) for Gly and DEN4 nt 399 
through 3168, downstream from the T7 RNA polymerase 
promoter. DEN4 cDNA encoded the signal peptide for 
prM (aa 100-113 of the polyprotein), prM (aa 114-279), 
E (aa 280-773), and the N-terminal 250 residues of NS1 
(aa 774-1023). Each of the DEN4 glycoproteins con- 
tained two potential N-iinked glycosylation sites of the 
Asn-X-Ser, Thr, or Cys type (Bause and Legier, 1981). 

SDS-PAGE of the products of translation of wt H/>?dill 
RNA transcripts is shown in Fig. 2A, lane 1. The [ 35 S]- 
methionine-Iabeled proteins were tentatively identified 
as mono- and diglycosylated forms of prM, E, and trun- 
cated NS1 (NS1*), as indicated, on the basis of their 
relative sizes. An additional high molecular weight prod- 
uct migrating near the origin of the gel appeared to repre- 
sent the uncieaved prM-E-NS1* precursor. Radiolabel 
at the origin of some lanes in Fig. 2A (and other gels) 
represents proteins trapped at the interface of the sepa- 
rating gel and the stacking gel. PrM and E were also 



formally identified by immune precipitation using rabbit 
anti-peptide antibodies specific for the N-terminal 15 
amino acids of the DEN4 prM and E, respectively (Fig. 
2B, lanes 1-3). Cleavages at the prM-E and E-NS1 
sites were dependent upon the presence of microsomes 
during translation (data not shown). This was consistent 
with previous results demonstrating that these cleavages 
are signalase-mediated (Markoff, 1989; Despres et a/., 
1990). 

PrM, E, and NS1* were associated with the pelletable 
fraction of the translation reaction, indicating they were 
associated with membranes. To establish their mem- 
brane orientation, they were subjected to digestion with 
the protease, thermolysin. All species of prM, E, and 
NS1* were completely resistant to proteolysis (Fig. 2A, 
lane 2). In contrast, these proteins could be rendered 
thermolysin-sensitive, if membranes were disrupted with 
detergent prior to proteolysis (Fig. 2C, lane 1). Therefore, 
the major ectodomains of prM, E, and NS1* were intraiu- 
menal after translocation. 

To confirm identification of cleavage products by size 
and to demonstrate glycosylation, intralumenal (prote- 
ase-resistant) proteins were digested with endo F after 
membranes were solubilized (Fig. 2A, lane 3). This proce- 
dure yielded three major products with the expected 
sizes of unglycosylated prM (expected M T —18 kDa, after 
cleavage of its 14-amino-acid signal peptide), NS1* (ex- 
pected M r ~28 kDa), and E or monoglycosylated E (ex- 
pected M r —54 kDa or -57 kDa, respectively). Compari- 
son of the sizes of translation products before and after 
deglycosylation (Fig. 2A, lanes 2 and 3) provided confirm- 
ing evidence that each of the two N-linked glycosylation 
sites in prM, E, and NS1* could be recognized in vitro; 
glycosylated species bearing either one or two mannose- 
rich carbohydrate moieties of expected M r —3 kDa*'each 
could be detected for each of the viral proteins. 

Processing of the Atm mutant polypeptide 

We next sought to assess the function of the putative 
transmembrane domain (the tm segment) within the hy- 
drophobic C-terminus of prM (aa 243-263; Fig. 1). A 
transmembrane domain must be able to effect both a 
halt in translocation (stop-transfer) and stable membrane 
integration (Davis et a/., 1985; reviewed in Blobel, 1980; 
von Heijne, 1988). The mutant Atm polypeptide lacked 
an internal 16 hydrophobic amino acids (aa 247-262) of 
this segment (Fig. 1 ). If the tm segment were a necessary 
part of the transmembrane domain in prM, we anticipated 
that Atm mutant prM would be defective in one or both 
of these functions. Results were consistent with this as- 
sumption. 

Translation of HindlW RNA transcripts bearing the Atm 
mutation (Fig. 2A, lane 4) resulted in the generation of 
cleaved and glycosylated NS1* and in small amounts of 
properly processed E and prM. In addition, a group of 
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Fig. 1. Mutations introduced into the hydrophobic C-terminus of the dengue virus prM. The T7 RNA polymerase promoter (T7) the 5' rx+A int , 
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high molecular weight proteins migrating in the 72- to 
78-kDa size range was generated. These proteins were 
the expected sizes of glycosylated forms of uncleaved 
prM+E molecules. They were subsequently identified 
as such by immune precipitation using the anti-peptide 
antibodies specific for the N-termini of prM and E, re- 
spectively (Fig. 2B, lanes 4-6). 

To assess the membrane orientation of Atm mutant 
proteins, the membrane fraction of the translation reac- 
tion was subjected to proteolysis, as previously de- 
scribed. The majority of Atm prM+E chimeric molecules 
were completely resistant to proteolysis, indicating that 
they were wholly intralumenal (Fig. 2A, lane 5). Cleaved 
prM bearing the Atm mutation, E, and NS1* also resisted 
proteolysis and therefore appeared to present their ecto- 
domains on the lumenal side of the ER membrane. Prote- 
ase treatment also consistently resulted in a slight in- 
crease in intensity of bands of the approximate size of 
glycosylated prM and a concomitant slight decrease in 
the intensity of bands representing chimeric prM+E mol- 
ecules (Fig. 2A, lanes 4 and 5; best seen in Fig. 3A, lanes 
1 and 2). This suggested that a small proportion of Atm 
chimeric prM+E molecules had attained a transmem- 
brane prM^enEcyto orientation, rendering the E moiety 
sensitive to protease. After proteolysis, these membrane- 
spanning chimeric molecules were reduced in size to 



approximately that of prM. Consistent with this analysis, 
deglycosylation of protease-resistant Atm polypeptides 
yielded proteins of the expected sizes of unglycosylated 
prM, E, NS1*, and prM+E (Fig. 2A, lane 6). 

In summary (see Table 1), the Atm mutation had a 
major negative effect on stop-transfer of the prM moiety, 
as expected. This was evident in the accumulation of the 
majority of prM+E chimeric molecules in the ER lumen. 
Stop-transfer of prM in the small proportion of chimeric 
molecules that attained a transmembrane orientation 
most likely was effected by hydrophobic residues, includ- 
ing the E signal peptide, remaining at the C-terminus of 
Atm mutant prM (see Fig. 1). (Scanning of the amino 
acid sequence of the DEN4 prM and E [Zhao et al., 1986] 
revealed no other candidate membrane anchor domain 
in the vicinity of the C-terminus of prM.) In addition, the 
Atm mutation resulted in a defect in cleavage of the 
prM-E site, relative to wt. This was most likely secondary 
to the failure of the mutant tm segment to arrest translo- 
cation, as will be discussed. Assessment of the effect of 
the Atm mutation on the stability of membrane integra- 
tion of prM is the subject of additional experiments (see 
below). 

Processing of the AEss(2R) polypeptide 

The role of the putative E signal peptide (aa 265-279) 
in processing of prM and E was next determined. Mutant 
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F.G. 2. (A) Translation of wt and mutant RNAs prepared from'pG recombinant DMAs linearized at the HmdNI f 1 " ^ d nB ^~" ' ^ 
mutant RNAs Atm (lanes 4-6), AEss(2R) (lanes 7-9), and AR (lanes 10-12) were translated in the presence of added canine P an " ea " c ^ r ° s ° m ^ 
andVsimethionin, Membranes were pelleted from suspension and washed once in cold thermolysin buffer. ° 0 « ins were 

membranes were untreated prior to electrophoresis (lanes 1, 4, 7, and 10). The remaining two-thirds of *V ^^^"J^™,^ 
digested with thermolysin. An excess of EDTA was then added, and the thermolysin-digested fractions were divided ^J^^^ 
was saved for electrophoresis (lanes 2, 5, 8, and 11), and the other was pelleted and resuspended in endo F buffer pno » ^ 
endoglycosidase F (lanes 3, 6. 9, and 12). Samples were electrophoresed in an SDS-^-polyacrylam.de-Tricine-buffered 
deglycosylated forms of P rM, E, and NS1 cleaved from the encoded nonprotein are bracketed to the left of the gel. An arrow indicates the posmon 
in he gel of uncleaved prM+E chimeric molecules resulting from defective processing of the mutant AEss(2R) ^^S^^JSi 
analogous product is also seen after processing of the Atm mutant polypeptide (lanes 4 and 5). The prM-s,zed p od uct of prcteolys s 0 AEssUR) 
prM+E molecu.es is indicated by a bracket to the right of lane 8. eF, endoglycosidase F; Please (th ermolys.n -) ™ JJtS 
(B) Immune precipitation of the products of ce.l-free translation. RNA transcripts of wt. AEss(2R). and Atm cDNAs ''^^ «*» "JT" 
trans.ated.and microsomal membranes were isolated. Membrane-associated proteins were subjected to ^^ aw ^*^^^^Z 
wt (lanes 1-3). Atm (lanes 4-6), and AEss(2R) (lanes 7-9) proteins were solubilized in RIPA buffer and ™™ n ^ ^"""J 8 ;™ 
from rabbits immunized with KLH-conjugated 15-amino-acid peptides specific for the amino-termin. of the DEN4 E a-E^ne 2 5 8) and prM (a 
PM; lanes 3, 6. 9), respectively. Total recovered products of translation of wt. Atm, and AEss(2R) transcripts are shown in lanes | * 
respectively (labeled --T. Proteins were separated on an SDS-l6%-polyaaylamide-Tricine-buffered ^^^J^^^ + ^r«e 
molecules, authentic prM and orM-sized products of the proteolysis of membrane-spanning AEss(2R) ^^^^ a '^Z 
indicated. A small fraction of the r*S]methionine-labe,ed proteins identified as glycosylated forms of NS1 .n J^^^^l ZsMon 
contaminant of a- P M antibody immune precipitates. (C) Detergent renders wt proteins.in membranes ^^^^^^J^^^S 
of wt Hfcdlll RNA transcripts was conducted. Membranes containing radiolabeled proteins were washed and ^uspended n the mo ysin buflen 
and the suspension was divided into three aliquots. One aliquot was digested with thermolysm ,n the presence of 2^-c^lg £^ (+P ^£ 
lane 1). A second aliquot was digested with thermolysin in the absence of detergent (+Pr. -Det; lane 2), and the thud aliquot was 
(-Pr. -Det; lane 3). 
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Fig. 3. Sensitivity to protease of membrane-associated mutant poly- 
peptides. RNA transcripts were prepared from mutant recombinant 
DNAs that had been linearized by digestion at the Hin6\\\ site (see the 
legend to Fig. 1). RNA was translated in rabbit reticulocyte lysate in 
the presence of canine pancreatic microsomes, and membranes were 
pelleted by centrifugation and resuspended in thermolysin buffer. The^ 
suspension was divided into two aliquots, and one aliquot was, sub^ 
jected to digestion by thermolysin. Membranes were then pelleted ■from 1 
both aliquots, and proteins were solubilized by resuspension in gel 
sample buffer prior to electrophoresis. Pr, protease; (-}, not digested; 
(+), digested. (A) Results of protease digestion of membrane-associ- 
ated Atm (lanes 1 and 2) and Atmdr (lanes 3 and 4) Hin6U\ polypep- 
tides are compared. An arrow indicates the position of the prM-sized 
moiety resulting from proteolysis. (B) Results of protease digestion of 
membrane-associated AEss(2R) (lanes 1 and 2), (1R) (lanes 3 and 4), 
and dR (lanes 5 and 6) HindWl polypeptides are compared. The location 
of the prM-sized moiety derived from the proteolysis of AEss mutants 
("prM") is indicated. 



AEss(2R) had a substitution of Arg-Serfor 12 (aa 265- 
276) of the 15 amino acids that constitute this domain 
(Fig. 1). Thus, the hydrophobic 10-amino-acid core of the 
putative signal was deleted in AEss mutants; however, 
the predicted signalase cleavage site at the prM-E junc- 
tion was left intact. This site consists of the small hy- 
drophobic residues in the -3 to -1 positions with re- 
spect to the predicted N-terminus of E (Ser 277 -X-Gly 279 ; 
von Heijne, 1986). Therefore, reinitiation of the transloca- 
tion of E (E signal function) would be indicated by cleav- 
age of the prM-E site. 

Translation of mutant AEss(2R) W/ndlll RNA transcripts 
(Fig. 2A, lane 7) resulted primarily in the production of 
the glycosylated forms of NS1* and a family of proteins 
in the 72- to 78-kDa size range. These were identified 
as glycosylated forms of prM+E chimeric molecules by 
immune precipitation using both prM-specific and E-spe- 
cific rabbit anti-peptide antibodies (Fig. 2B, lanes 7-9). 
Faint bands of the approximate sizes of mono- and digly- 
cosylated E were also noted (Fig. 2A, lane 7, compare 
to lane 1). However, since proteins of the expected sizes 
of cleaved and glycosylated prM were not detected at 



the level of sensitivity of these experiments (Fig. 2A i 
7), we assumed that the small amount of E-sized protei° e 
generated were nonspecific products of internal initiati' nS 
or premature termination of translation. Thus, we 00°° 
eluded that the AEss[2R] mutation abrogated' cleavaq 1 " 
of the prM-E site (see Table 1). This indicated that hy^ 
drophobic amino acids deleted from the AEss(2R) mu- 
tant were required for E signal function. 

Translocation of chimeric AEss(2R) prM+E molecules 
was directly assessed by thermolysin digestion of trans- 
lation products in intact membranes (Fig. 2A, lane 8) as 
was done for wt and Atm products. This analysis re- 
vealed that the E moiety in a major fraction of chimeric 
molecules was thermolysin-sensitive; proteolysis of this 
fraction resulted in the generation of proteins of the sizes 
of mono- and diglycosylated prM ("prM", bracketed in Fig 
2A, lane 8). This tentative identification was subsequently 
confirmed, since deglycosylation of these proteins 
yielded a product which approximately comigrated with 
deglycosyiated prM (Fig. 2A, compare lane 3 to lane 9). 
In addition, the major glycosylated prM-sized product 
was immune precipitated by prM-specific anti-peptide 
antibodies, indicating it included the N-terminus of prM 
(Fig. 2B ( lane 9). Therefore, the majority population of 
chimeric molecules had attained the transmembrane 
prM tumen Ecyto orientation in which the hydrophobic tm seg- 
ment constituted the membrane-spanning domain. 

Surprisingly, a minor fraction of uncleaved prM+E mol- 
ecules was completely resistant to proteolysis despite 
extensive exposure to thermolysin (Fig. 2A, lane 8; indi- 
cated by an arrow in lane 7), suggesting this fraction was 
wholly intralumenal. This indicated that the tm segment 
alone was not sufficient to arrest the translocation of the 
prM moiety; hydrophobic residues of the E signal peptide 
deleted in the AEss(2R) mutant polypeptides were 
also required for fully efficient arrest of the translocation 
of prM. 

Processing of AR and AQQR mutant polypeptides 

A requirement for the conserved amphipathic domain 
(aa 259-263) during processing of prM and E was next 
sought. Mutant AR contained a deletion of Arg-264; mu- 
tant AQQR contained a deletion of Arg-264 and substitu- 
tions of Leu for Gln-259 and Gln-263 (Fig. 1). 

A comparison of the translation products of mutant AR 
Hin6\\\ transcripts to those of wt in intact membranes 
demonstrated that the AR mutation had no Effect on 
translocation, cleavage, or glycosylation of prM, E, and 
NS1* (Fig. 2A, compare lanes 1 -3 to lanes 10-12). Simi- 
lar analysis of proteins bearing the AQQR mutation gave 
identical results (data not shown). 

Processing of Atmdr, AEss(1R), and AEssdr mutant 
polypeptides 

The Atmdr, AEss(1R), and AEssdr mutations (Fig. 1) 
were constructed to determine the effect of conserved 
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Cleavage of the prM-E Site, Translocation, and Membrane Integration of prM 




Construct 


prM-E cleavage" - 
(est %) 


Translocation* 


Membrane integration of 
prM moiety 0 


Wt 




nry... 

E (or E*) 1N 


Yes (defined as "stable") 


Atm 


5 to 10 


(1) -80%: (prM+E) IN 


No 


i 

Atrridr 




(2) -10% prM, N +Eour 

(3) -10% cleaved prM, N 


Yes, unstable 


o to lU. 


\i/ — tJU/O: IV) T C/|fg 

(2) -40%: prM lN +Eour 

(3) —10% cleaved prM IN 


No 

Yes, unstable 


AEss(2R) 


Not detected 


(1) -75%: prM| N +EoaT 

(2) -25%: (prM+E) IN 


Yes 
No 


AEss(1R); AEssdr 


Not detected 


(1) -50%= prM IN +E 0U T d 

(2) -50%: (prM + E) IN 


Yes, unstable 
No 



8 Polyproteins were derived from in vitro translation of wt transcripts encoding the prM signal peptide, prM, E, and the amino-terminus of NS1 
(NS1*; H/ndlll transcripts) or the prM signal peptide, prM, anb the amino-terminus of E (E*; Ate/1 transcripts) for DEN4 virus. Processing was assessed 
as discussed under Materials and Methods and Results. * 

b The subscript "IN" indicates the protein was intralumenal in the ER, as suggested by its resistance to proteolysis in intact membranes. The 
subscript "OUT indicates the protein was sensitive to proteolysis under the same conditions. The percentage of each cleavage product derived 
from a given construct was calculated from direct determination of radiolabel in the relevant bands in at least one experiment indicates 
uncleaved chimeric molecules. 

c "Yes" indicates that the percentage association of the protein with membranes after alkali exposure was comparable to that of wt prM; "No" 
indicates that this percentage was comparable to that of E*. which lacked the carboxy-terminal membrane anchor domain of full-length E and was 
taken as a negative control for membrane integration. "Unstable" indicates that the percentage association with membranes after alkali was 
intermediate between that of wt prM and E\ 

d 52% for AEss(1 R) prM + E*; 45% for AEssdr prM + E*. 



Arg-264 within the context of the Atm and AEss muta- 
tions, respectively. Mutant Atmdr contained the Atm in- 
ternal deletion and in addition substitutions of Gly for 
Arg-264 and Ser for Thr-265. The AEss(1R) polypeptide 
was similar to that of AEss(2R) t with a substitution of 
Gly-Ser (instead of Arg-Ser) for residues 265 through 
276, a net deletion of 10 hydrophobic amino acids in 
the presumptive E signal peptide. Similarly, the mutant 
AEssdr was identical to AEss(1R), except that Arg-264 
was deleted. 

A comparison of the proteins resulting from translation 
of Atm and Atmdr H/ndlll RNA transcripts is shown in 
Fig. 3A Processing of the Atmdr polypeptide was com- 
pletely analogous to that of the Atm polypeptide, with 
one exception. Proteolysis of Atmdr proteins resulted in 
a much greater relative increase in intensity of the prM- 
sized protease-resistant band than did similar treatment 
of Atm proteins (indicated by an arrow in Fig. 3A; com- 
pare lanes 2 and 4). This suggested that a greater frac- 
tion of Atmdr chimeric prM+E molecules had attained 
the membrane-spanning prM^enEcyto orientation than 
was the case for Atm prM+E molecules. Direct analysis 
of duplicate experiments confirmed this finding. About 
40% of Atmdr prM+E molecules attained this orientation 



versus about 10% of Atm prM+E molecules (data not 
shown; see Table 1). (For "direct analysis," the relevant 
bands were located on the dried gel, cut out of the gel, 
and counted using a liquid scintillation counter.) Thus 
the 21-amino-acid hydrophobic C-terminus of prM in the 
Atmdr mutant polypeptide was more efficient in arresting 
transfer of the prM moiety than the analogous hydropho- 
bic domain in the Atm mutant polypeptide. This differ- 
ence in phenotype was probably related to the absence 
of the charged amino acid, Arg-264, from the Atmdr mu- 
tant hydrophobic domain, enhancing its hydrophobic^ 
compared to the analogous segment in the Atm mutant 
(see Fig. 1). 

A comparison of the proteins resulting from the transla- 
tion of H/ndlll RNA transcripts encoding AEss(2R), (1R), 
and dR mutant polypeptides is shown in Fig. 3B. As for 
the Atm and Atmdr mutations, the phenotypes of the 
three AEss mutations also differed only with respect 
to the proportion of uncleaved prM+E molecules that 
attained the membrane-spanning prM| Umen Ecyto orienta- 
tion, as revealed by proteolysis of chimeric proteins in 
intact membranes. The proportion of "prM" (representing 
the protease-resistant portion of chimeric molecules in 
which only prM was intralumenal) to prM+E (represent- 
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ing wholly intralumenal protease-resistant chimeric mol- 
ecules) was evidently higher for the AEss(2R) construct 
than for either the AEss(1R) or dr constructs (Fig. 3B, 
lanes 2, 4, and 6). That is, AEss(2R) chimeric molecules 
were more likely to be arrested in translocation than 
AEss(1 R) or dr chimeric molecules. Although not evident 
in Fig. 3B, additional experiments (not shown) revealed 
that AEss(1R) proteins were in turn slightly more likely 
to be arrested in translocation than AEssdr proteins. 
These findings were confirmed by excising the relevant 
bands from gels and quantifying the radiolabel present, 
in duplicate experiment^ (data not shown; see Table 1). 
In summary, the charged Arg residues progressively aug- 
mented arrest of the translocation of the prM moiety in 
the context of the AEss mutation. 

Membrane insertion of wt and mutant prM 

Products of A/s/l transcripts were chosen for analysis 
of the relative stability of membrane integration of wt and 
mutant polypeptides, because truncated E (E*) encoded 
by A/s/l transcripts lacked the C-terminal hydrophobic 
domain in full-length E (see Fig. 1). Therefore, chimeric 
A/s/l-truncated proteins (prM+E*) contained only the sin- 
gle C-terminal hydrophobic domain in prM capable of 
mediating membrane integration, after cleavage of the. 
prM signal peptide. Truncation of E did not alter the 
phenotypes of wt and mutant constructs, with the one 
exception noted below. 

In this study, membranes containing associated radio- 
labeled products of translation were exposed to alkali to 
disrupt their closed tubular structure (Fujiki et at., 1982). 
Membrane-associated and solubilized proteins were 
then separated by low-speed centrifugation. Pelletable 
(membrane) and supernatant fractions were subse- 
quently analyzed by SDS-PAGE. The association of inte- 
grated proteins with the membrane fraction was ex- 
pected to be relatively alkali-resistant, while that of unan- 
chored intralumenal proteins was expected to be 
relatively alkali-sensitive. 

WtprM. Initially, aliquots of membranes bearing radio- 
labeled wt prM and E* were incubated in PBS or pH 
11.5-carbonate buffer to establish the specific effect of 
alkali exposure (Fig. 4). Protein bands representing wt 
prM and E* present in membrane or supernatant frac- 
tions were excised from the gel shown, and their radioac- 
tivity was determined. The percentage of total radiolabel 
recovered in the membrane fraction was then calculated. 
Alternatively, the distribution of wt (and mutant) polypep- 
tides between membrane and supernatant fractions was 
calculated by computer-based analysis of a phosphor- 
image. As was evident from inspection of Fig. 4, quantifi- 
cation of the results confirmed that PBS had little effect 
on the membrane association of wt prM and E* (90% of 
prM and 93% of E* remained in the membrane fraction; 
compare lane 1 to lane 3), whereas alkali exposure had 
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Fig. 4. Membrane integration of wt prM. Recombinant pGWt cDNA 
was linearized by digestion at the unique A/s/l site in the DEN4 E nt 
sequence, upstream from sequences encoding the transmembrane 
domain in E. A/s/l RNA transcripts were prepared and translated in 
rabbit reticulocyte lysate in the presence of canine pancreatic micro- 
somes. Aliquots of microsomes were washed in PBS and resuspended 
in a pH 11.5-carbonate buffer (+) or in PBS (-). After incubation on 
ice, membranes were again pelleted, and [ 35 Slmethionine-labeled pro- 
teins in the resulting pellet (P) and supernatant (S) fractions were ana- 
lyzed by SDS-PAGE. The positions in the gel of prM and E* are indi- 
cated. The position of an unidentified protein (X), consistently detected 
after cell-free translation of A/s/l transcripts, is also indicated. 



a differential effect on their disposition; a majority of prM 
molecules (79% of total cpm in prM) and a minority of 
anchorless E* molecules (37% of total cpm in E*) re- 
mained associated with the membrane fraction (compare 
lane 2 to lane 4). These results were typical of six experi- 
ments. The percentage association of prM and E* with 
membranes after alkali exposure varied among experi- 
ments, but the percentage of prM associated with mem- 
branes was approximately twice that of E* in each case. 
We speculate that variation in the percentages obtained 
was due to the use of different microsome preparations 
and to their repeated freeze-thawing. Results were con- 
sistent with the concept that wt prM was membrane- 
anchored, whereas E* was unanchored in the-ER lumen. 

Mutant prM. Membrane integration of the prM moiety 
in mutant AEss(2R), AEssdr, Atm, and Atmdr polypep- 
tides was next assessed in comparison to wt prM and 
E*. The wt proteins represented the positive and negative 
controls, respectively, for membrane insertion. To distin- 
guish membrane-spanning from wholly intralumenal mu- 
tant chimeric molecules, proteins in intact membranes 
were subjected to proteolysis prior to alkali exposure 
(Fig. 5A). Results of an experiment in which proteins were 
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not subjected to proteolysis prior to alkali exposure are 
also shown for comparison (Fig. 5B). 

For AEss mutants (AEss[2R] and AEssdr), the entire 
population of prM-sized molecules present after proteol- 
ysis represented the protected intralumenal remnant of 
membrane-spanning chimeric molecules in the prMiumen- 
Ecyto orientation (Fig. 5A, lanes 3-6), since this mutation 
abrogated detectable prM-E* cleavage mediated by sig- 
nal peptidase (Fig. 5B, lanes 2 and 3). 

For Atm mutants (Atm and Atmdr), four prM-sized 
proteins were detected after proteolysis (bands a, b, c, 
and d; Fig. 5A, lanes 7-10). Two of these proteins (bands 
b and d) comigrated with the small amounts of mono- 
and diglycosylated prM generated by signalase cleavage 
of the prM-E site, as seen in the absence of proteolysis 
(Fig. 5B, lanes 4 and 5). Therefore, proteins in bands 
b and d were identified as the glycosylated forms of 
signalase-cleaved mutant prM. The two additional prM- 
sized products appeared only after proteolysis (bands a 
and c, Fig. 5A, lanes 7-10; note their absence in Fig. 5B, 
lanes' 4 and 5). Bands a and c were therefore taken 
to represent the mono- and diglycosylated intralumenal 
fragments of prM generated by proteolysis of membrane- 
spanning prM+E* molecules. Thus, for the Atm mutants, 
membrane integration of signalase-cleaved prM and 
membrane-spanning (prM iume nEcyto) chimeric molecules 
(as well as wholly intralumenal chimeric molecules) 
could be separately assessed. 



For the experiment shown in Fig. 5A, 96% of wt prM 
molecules and 58% of E* molecules remained associated 
with the membrane fraction after protease treatment and 
alkali exposure (lanes 1 and 2). Results for mutant prM 
moieties in this experiment and in two additional repeat 
experiments were as follows (summarized in Table 1): (i) 
All wholly intralumenal (protease resistant) mutant chim- 
eric prM+E* molecules appeared to be free in the ER 
lumen, since their degree of association with membranes 
(the pellet fraction) after alkali exposure was nearly 
identical (±3%) to that of anchorless E* (lanes 3-10). 
(ii) prM derived from proteolysis of membrane-spanning 
AEss(2R) chimeric molecules (prMi ume nEcyto) remained 
associated with the membrane fraction after alkali expo- 
sure in the same proportion as wt prM (±1%; lanes 3- 
4), our standard for "stable" membrane insertion, (in) 
AEssdr, Atm, and Atmdr prM moieties, whether gener- 
ated by signalase-mediated cleavage or by proteolysis 
of membrane-spanning chimeric molecules, were inter- 
mediate between wt prM and E* in the percentage asso- 
ciated with membranes after alkali exposure (lanes 5 
10). Additional experiments demonstrated a similar re- 
sult for AEss(1R) membrane-spanning chimeric mole- 
cules (data not shown). Thus, it appeared that these mu- 
tant prM moieties were inserted in membranes, but less 
stably than wt prM. We concluded that the hydrophobic 
cores of both the tm segment and the E signal sequence 
were required for the stable membrane insertion of prM, 



536 



MARKOFF, CHANG, AND FALGOUT 



as defined by results with wt prM (Table 1 ). The AEss(2R) 
mutation was an exception. In this mutant, excess posi- 
tive charge (see Fig. 1) augmented the capacity of the 
tm segment alone to effect stable membrane insertion, 
as it also augmented the stop-transfer function of this 
segment 

In addition to prM-sized proteins, E*-sized proteins and 
proteins slightly larger than E* were generated after pro- 
teolysis of AEss mutant chimeric proteins in this experi- 
ment (bracketed W E*" in Fig. 5A, lanes 3-6). For the Atm 
mutants, E*-sized proteins were observed in the absence 
of proteolysis (Fig. 5B, lan&s 4-5), and additional proteins 
slightly larger than E* were observed after proteolysis 
(Fig. 5A, lanes 7- 1 0). Such proteins were never observed 
as products of full-length (Hin6\\\) mutant constructs. We 
speculate that these E*-sized proteins were generated 
from a population of chimeric prM+E* molecules that 
initially attained a prMcytoE^n orientation (in contrast to 
the prMiumenEcyto orientation routinely noted for mem- 
brane-spanning chimeric molecules). After transloca- 
tion-arrest of prMc^,^^ chimeric molecules, E*-sized 
proteins could be generated by signalase cleavage of 
the prM-E site or by proteolysis of molecules in which) 
prM, rather than E\ was accessible to protease. The 
prMcytoEiumen orientation could result if hydrophobic resi- 
dues present at the C-terminus of mutant prM were rec- 
ognized as a signal peptide instead of the signal peptide 
at the prM N-terminus (see Fig. 1). The E* moiety in such 
chimeric molecules would be initially translocated into 
the lumen of the ER, while mutant prM would remain 
cytoplasmic. In support of this hypothesis, we noted that 
chimeric molecules resulting from the expression of a 
AEss(1 R) mutant completely lacking the prM signal pep- 
tide uniformly attained the prM^,^ orientation (data 
not shown). 

Processing in vivo 

To confirm in vitro observations of the phenotypes of 
mutant constructs, wild-type and mutant versions of a 
DEN4 genomic cDNA fragment encoding C, prM, E, NS1, 
and NS2A were expressed in vivo using a recombinant 
vaccinia virus vector. Cleavage and glycosylation of wt, 
AR, AEss(2R), and Atm mutant polyproteins were ana- 
lyzed by immune precipitation of radiolabeled infected 
cell extracts (data not shown). The results showed: (i) 
The phenotype of the AR mutant was indistinguishable 
from wt; (ii) The AEss(2R) mutation completely elimi- 
nated prM-E cleavage, resulting in expression of glyco- 
sylated uncleaved prM+E chimeric molecules; (iii) The 
Atm mutation greatly reduced cleavage, resulting in the 
production of small amounts of apparently normal prM 
and E and larger amounts of glycosylated chimeric 
prM+E. The membrane orientation of the prM+E chime- 
ras was not further investigated. All constructs expressed 
apparently normal NS1. These in vivo results were con- 
sistent with the in vitro results reported above. 



DISCUSSION 

We dissected in vitro the processing functions medi 
ated by the hydrophobic C-terminus of the DEN4 prM 
after the initiation of translocation of prM. These func 
tions include the interruption of translocation of prM' and 
the reinitiation of translocation of the polyprotein, accom 
panied by prM-E cleavage and anchoring of prM in the 
membrane. Our analysis of the processing of wt prM E 
and NS1* suggested the validity of the in vitro system 
for modeling the processing events that occur as a con- 
sequence of flavivirus infection. prM, E, and NS1* were 
translocated, cleaved, and glycosylated following effi- 
cient recognition of the N-terminal prM signal peptide 
Cleavage events were dependent upon the presence 
of microsomes. The data suggested that prM was 
membrane anchored in the predicted type I orientation 
(NexoCcyto). and we assume that E is also anchored in 
this orientation by its C-terminal hydrophobic domain, 
which is completely analogous in structure to that of prM. 
Lumenal localization of the ectodomains of the structural 
glycoproteins is consistent with a model for virion mor- 
phogenesis which predicts that cytoplasmic nucleocap- 
sid structures composed of virion C and genomic RNA 
acquire a lipid envelope by budding into the ER (Hase 
era/., 1987a, b; Leary and Blair, 1980). After budding in 
this fashion, prM and E would be displayed on the virion 
surface. 

Membrane anchoring of prM 

The 10-amino-acid hydrophobic core of the E signal 
peptide was required in addition to the central hydropho- 
bic 16 amino acids of the tm segment for efficient arrest 
of the translocation of prM. Similarly, neither of these 
hydrophobic domains alone appeared able to effect sta- 
ble membrane integration of the prM moiety in those 
fractions of Atm and AEss chimeric molecules that were 
arrested in the membrane during translocation. 

The failure of the tm segment to stand alone as an 
efficient stop-transfer/transmembrane domain is not 
likely to be due to insufficient length. Theory predicts that 
20 hydrophobic amino acids in an a-helix are sufficient 
to span the membrane (Eisenberg, 1984). In practice, 16 
residues composed of a repeating unit of 4 hydrophobic 
amino acids were sufficient to anchor the coliphage f1 
gene III protein (Haeuptle et aL, 1989), and 17 amino 
acids of its native transmembrane segment were suffi- 
cient to anchorthe influenza A virus hemagglutinin (Doyle 
et aL, 1986). Transmembrane domains as short as 1 1 or 
12 amino acids in length could interrupt translocation 
but were defective for integration into the membrane 
(Davis and Model, 1985; Davis et aL, 1985; Doyle et aL, 
1986). Rather, defective anchor function of the tm seg- 
ment may be related to the suboptimal hydrophobic^ of 
its constituent amino acids. Hydrophobicity is a determi- 
nant of the ability of the segment to arrest translocation 



FLWIVIRUS prM AND E PROCESSING 



537 



j n an aqueous channel and to effect disruption of the 
channel or a shift of the polypeptide into the lipid environ- 
ment of the membrane, resulting in stable membrane 
integration (Walter and Lingappa, 1986; von Heijne, 1988; 
Simon and Blobel, 1991). If the consecutive 18 most hy- 
drophobic residues (Gly-245 through !le-262) are consid- 
ered, the tm segment has an average hydrophobicity 
of 1.35, on a scale in which increasing positive values 
correlate with increasing hydrophobicity (Kyte and Doolit- 
tie, 1*982). A functional transmembrane domain was pre- 
dicted to have an average hydrophobicity of >1.6, using 
this same scale. "Phe average hydrophobicity of the re- 
quired entire C-terminus of the DEN4 prM, excluding 
Gln-263 and Arg-264 which are possibly extramem- 
braneous, is 1.54. 

We noted an enhancing effect of positive charge at or 
in the vicinity of conserved Arg-264, downstream from 
the tm segment, upon the capacity of the tm domain to 
effect stop-transfer and membrane integration in AEss 
mutants. This may be an indirect consequence of the 
demonstrated semicompetence of the tm segment for 
translocation arrest. Both the presence of charged resi- 
dues and the conformation have been shown td; reduce 
the translocatability or affect the membrane orientation 
of sequences adjacent to a transmembrane domain (for 
example, Boyd and Beckwith, 1990; Haeuptle etaf.,. 1989; 
Hartman et ai, 1989; Moreno ef a/., 1980; Parks and 
Lamb, 1991; Sato et ai., 1990; von Heijne, 1989). Similarly, 
E sequences downstream from the tm segment in the 
AEss(2R) mutant may be relatively resistant to transloca- 
tion compared to those in AEss(1R) and AEssdr mu- 
tants, because of locally enhanced net charge or confor- 
mational differences related to the introduction of the 
extra arginine. Slowing or interdiction of translocation of 
these sequences might result in prolonged contact of the 
tm segment with the lipid environment of the membrane, 
enhancing the possibility for its membrane integration. 

E signal function 

In these studies, we assayed for two manifestations 
of E signal sequence function, cleavage at the prM-E 
site and the reinitiation of the translocation of down- 
stream E sequences. For the membrane-spanning frac- 
tion of AEss mutant chimeric molecules in the prM| Umen - 
Ecyto orientation, the intact tm segment apparently ef- 
fected stop-transfer of the prM moiety. The mutated E 
signal peptide was available on the cytoplasmic side of 
the membrane to initiate translocation (and cleavage) of 
E, but it was completely defective. This indicated that 
hydrophobic amino acids deleted in AEss mutants (Fig. 
1) were required for E signal function after stop-transfer 
of prM and confirmed the localization of E signal function 
to aa 265-279 for the DEN4 polyprotein. 

Cleavage of a signal peptide normally occurs on the 
lumenal side of the ER membrane (von Heijne, 1988); the 



enzyme signal peptidase is an ER integral membrane pro- 
tein oriented with its active site in the lumen (Blobel and 
Dobberstein, 1975; Lively and Walsh, 1983; Nicchita eta/., 
1991). Signal recognition, mediated by signal recognition 
particle (SRP; Walter and Lingappa, 1986), results in the 
opening of an aqueous channel in the ER membrane (Si- 
mon and Blobel, 1991, 1992). After translocation is initi- 
ated, the N-terminus of the signal peptide remains on 
the cytoplasmic side of the ER membrane, while the C- 
terminus is inserted into the aqueous channel (Walter ef 
ai., 1981). The remainder of the nascent translocating poly- 
peptide enters the ER through the channel in the form of 
an enlarging hairpin loop held in place by the anchored 
signal peptide (Shaw et ai., 1988). Thus, the signalase 
cleavage site at the C-terminus of the signal peptide is 
presented for cleavage in the ER lumen. 

We accounted for the defect in cleavage of membrane- 
spanning Atm mutant molecules in the prM| umen Ecyto ori " 
entation by assuming that these proteins were anchored 
in the membrane by hydrophobic residues of the intact E 
signal peptide. Function of a signal as a transmembrane 
domain has been previously reported to occur if translo- 
cation has already been initiated by recognition of a sig- 
nal in upstream sequences (Coleman et ai., 1985). As a 
result of aberrant insertion of the signal peptide into the 
membrane, the signalase cleavage site in membrane- 
spanning Atm mutant prM+E molecules would reside 
in the cytoplasm, where it is inaccessible to signal pepti- 
dase. Thus translocation and cleavage of E in mem- 
brane-spanning chimeric Atm mutant proteins was most 
likely preempted by function of the intact E signal as a 
transmembrane domain. 

A small amount of signalase-cleaved prM was gener- 
ated during processing of the Atm mutant. It appeared 
to be integrated in membranes with a stability similar to 
that of membrane-spanning Atm mutant prM+E mole- 
cules, and we postulate that it is derived from this popula- 
tion. Possibly, some unstably anchored chimeric mole- 
cules "slip" within the aqueous channel through which 
translocation is occurring, so that the signalase cleavage 
site becomes accessible to signal peptidase. Following 
cleavage, reintegration would have to occur. In support 
of this possibility, recent data demonstrate that under 
certain experimental conditions, traffic within the channel 
can be in both possible directions (Nicchita and Blobel, 
1993). 

For chimeric wholly intralumenal Atm,and AEss mutant 
polypeptides, we speculate that the cleavage defect was 
secondary to the defect in translocation arrest. Because 
translocation of prM was not arrested, the prM -E junction 
would be predicted to traverse the ER membrane in the 
N-terminus-first orientation, rather than in the usual C- 
terminus-first orientation (Walter et ai, 1981; Shaw et aL, 
1988). Although the cleavage site presumably was acces- 
sible to signal peptidase, cleavage activity may have been 
sensitive to the N-to-C-terminal orientation of the target 
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amino acids during translocation; In support of this hypoth- 
esis, similar results were obtained in a previous study of 
cleavage of the influenza hemagglutinin signal peptide; 
the hemagglutinin signal also was not cleaved (and failed 
to arrest translocation) when it traversed the ER mem- 
brane N-terminus-first as part of an already translocating 
polypeptide (Finidori et ai, 1987). 

Processing of the flavivirus structural glycoproteins 

These and previous da}a make it possible to propose 
a model for the processing of the flavivirus structural 
proteins, since the hydrophobic properties of the C-ter- 
mini of prM and E are completely conserved in this genus 
(see Fig. 6; reviewed in Chambers et ai, 1990a). 

(i) Processing of the nascent flavivirus polyprotein ap- 



pears to begin with cotranslational recognition of the 
signal peptide at the C-prM junction (Markoff, iggm 
Alternatively, cleavage of the capsid protein from the privi 
signal peptide (catalyzed by the virus-coded protease 
NS3 [Chambers et aL, 1990c; Falgout et ai, 1991 • p re ' 
ugschat et ai, 1990; Wengler et ai, 1991]) may precede 
and facilitate prM signal recognition (Yamshchikov and 
Compans, 1993). The latter order of events seems espe- 
cially likely to predominate late in infection, when NS3 
is present in abundance. In either case, prM signal rec- 
ognition is presumably mediated by interaction with Srp 
(Walter and Lingappa, 1986), and both alternative mecha- 
nisms ultimately result in the cytoplasmic disposition of 
C (not shown in Fig. 6). PrM is likely to be extruded into 
the lumen of the ER through an aqueous channel as a 
hairpin loop, formed at the site of interaction of SRP with 
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Fig. 6. Processing of the prM-E-NS1* polypeptide encoded by pGWt DNA The ER membrane is depicted, separating lumenal (lumen) from 
cytoplasmic (cyto) spaces, (a) The prM signal sequence (aa 100-1 13 of the DEN4 polyprotein; Fig. 1) has been recognized, resulting in the opening 
of an aqueous channel such that the N-terminus (N) of the signal resides on the cytoplasmic side of the membrane. PrM is shown translocating 
through the aqueous channel in the form of a hairpin loop. The diagonal arrow indicates the eventual site of cleavage of the prM signal from the 
N-terminus of processed prM by the membrane-anchored intralumenal enzyme signal peptidase, (b) Cleavage of the prM signal has occurred. The 
major ectodomain of prM has been translocated and d (glycosylated (Y). The cleaved prM signal peptide is shown shifted into the lipid environment 
of the membrane, as suggested by others (for example, von Heijne, 1988). The N-terminus (N) of the mature prM is also indicated, (c) The 
transmembrane domain (tm) of prM (aa 243-263) transiently interrupts translocation of prM by coming into contact with the aqueous channel. Our 
data predict that this interaction is insufficient to arrest the translocation of all prM moieties and to mediate stable membrane integration, (d) The 
E signal sequence (SS; aa 265-279) has been recognized, stabilizing membrane integration of prM. We speculate that this requires the opening 
of a second aqueous channel, as shown. Nascent E is depicted translocating through this channel in the form of a hairpin loop. The conserved 
amphipathic domain in the carboxy-terminus of prM (aa 259-264) is disposed on the cytoplasmic side of the membrane. The diagonal arrow 
indicates the eventual site of cleavage of the E SS by signal peptidase, (e) Translocation of the major ectodomain of E is nearly complete. The C- 
terminus of prM is shown shifted into the lipid environment of the membrane. E is diglycosylated (Y). Cleavage of the E SS has occurred, freeing 
the N-terminus of processed E (N). (f) The transmembrane domain in E has transiently interrupted the translocation of E. Subsequent recognition 
of the NS1 signal has resulted in stable membrane integration of E, as well as translocation of NSl* via a third aqueous channel. This results in 
signalase cleavage of the NS1 signal and glycosylation of NS1*. NS1* is depicted free in the lumen of the ER, since it lacks a candidate membrane 
anchor domain. 
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its receptor protein on the cytoplasmic side of the ER 
membrane (Walter et ai, 1981; Shaw et ai, 1988), as 
previously mentioned and depicted in Fig. 6a. The prM 
signal peptide, fixed in the membrane with its N-terminus 
on the cytoplasmic side would constitute the N-terminal 
end of the loop prior to its cleavage. 

(ii) Cleavage of the prM signal by signal peptidase 
frees the N-terminus of prM within the ER lumen during 
translocation (Fig. 6b). 

(ili) Translocation of prM is transiently interrupted by 
hydrophobic residues of the tm segment (Fig. 6c). As our 
results demonstrate, the tm segment is necessary but 
not sufficient for stable membrane anchoring of prM. 
Conserved Arg-264 may play a role in temporarily stabi- 
lizing prM in the membrane prior to E signal recognition, 
based upon the differing phenotypes of AEss(2R), (1R), 
and dr mutants. 

(tv) Part or all of the amphipathic domain within the C- 
terminus of prM remains on the cytoplasmic side of the 
ER membrane as the E signal peptide is recognized and 
translocation of the polyprotein is reinitiated (Fig. 6d). 
The cytoplasmic localization of the amphipathic domain 
is suggested by the fact that AR and AQQR mutant prM 
were consistently found to be more stably membrane 
anchored than wt prM in our assay for membrane inte- 
gration (data not shown). This suggested that the amphi- 
pathic domain in wt prM does not participate in mem- 
brane anchoring. Recognition of the E signal is an essen- 
tial step in the stable membrane anchoring of prM. We 
speculate that this step involves the opening of a second 
aqueous channel through which translocation of the pol- 
yprotein continues. Recognition of the E signal peptide 
may (Wessels and Speiss, 1988) or may not (Wickner 
and Lodish, 1985) require SRP binding of the E signal. 

(v) Cleavage of the E signal peptide defines the C- 
terminus of prM. Thus, prM is "hooked" into the mem- 
brane such that the tm segment and the E signal, respec- 
tively, form the proximal and distal intramembraneous 
arms of the hook (Fig. 6e). Translocation of E sequences 
in the polyprotein into the ER lumen proceeds via the 
second aqueous channel afforded by E signal peptide 
recognition. 

(vi) Interruption of the translocation of E, its membrane 
anchoring, and cleavage of the E-NS1 site are effected 
by analogous processes (Fig. 6f). 
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Immunization with recombinant vaccinia viruses that specified the synthesis of Japanese encephalitis virus (JEV) 
glycoproteins protected mice from a lethal intraperitoneal challenge with JEV. Recombinants which coexpressed the 
genes for the structural glycoproteins, prM and E, elicited high levels of neutralizing (NEUT) and hemagglutination 
inhibiting (HAI) antibodies in mice and protected mice from a lethal challenge by JEV. Recombinants expressing only 
the gene for the nonstructural glycoprotein, NS1 , induced antibodies to NS1 but provided low levels of protection from 
a similar challenge dose of JEV. Antibodies to the NS3 protein in postchallenge sera, representing the degree of 
infection with challenge virus, were inversely correlated to NEUT and HAI titers and levels of protection. These results 
indicate that although vaccinia recombinants expressing NS1 can provide some protection from lethal JEV infection, 
recombinants expressing prM and E elicited Jiigher levels of protective immunity. © 1991 Academic Press, inc. 
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INTRODUCTION 

Japanese encephalitis virus (JEV) is one of the most 
important human and animal pathogens of the family 
Flaviviridae (Shope, 1980; Monath, 1986). Although a 
highly effective inactivated vaccine for JEV has been 
developed, it is expensive and similar vaccines have 
not been obtainable for other flaviviruses, notably den- 
gue. Since nucleotide sequence analyses have re- 
vealed that flaviviruses are very similar at the molecular 
level (Chambers et ai, 1 990), and since several animal 
models exist for JEV, we have pursued the production 
of recombinant vaccines against JEV as a method for 
learning about flavivirus vaccines in general. 

Flavivirus proteins are encoded by a single long 
translational open reading frame (ORF) present in the 
positive-strand genomic RNA. The flavivirus genome 
encodes a capsid protein, C, a membrane protein, M 
(which is found in infected cells as the precursor prM), 
an envelope glycoprotein, E, and at least seven non- 
structural proteins, including the nonstructural glyco- 
protein, NS1 (Chambers et ai, -1990). 

Passively administered monoclonal antibodies 
(MAbs) specific for each of the three flavivirus glyco- 
proteins (prM, E, and NS1) are capable of providing 
protection from lethal infection by the homologous 
virus (Heinz etai, 1983; Mathews and Roehrig, 1984; 
Schlesingerefa/., 1985; Gould etal., 1986; Kaufman et 
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ai., 1987, 1989; Henchal etal., 1988; Kimura-Kuroda 
and Yasui, 1988; Mason et ai, 1989). In the case of 
MAbs to E, passive protection correlated with in vitro 
neutralizing activity, but nonneutralizing antibodies 
specific for prM and NS1 were also identified. Work by 
Schlesinger and co-workers provided additional evi- 
dence that NS1 immunity could protect animals from 
infection by demonstrating that purified NS1 was pro- 
tective (Schlesingerefa/., 1985, 1986, 1987). Further- 
more, since antibodies to structural proteins of one 
dengue serotype may "enhance" infection by other 
serotypes, an NS1 -based subunit or recombinantA/ac- 
cine may be desirable (Halstead, 1988). 

Several different recombinant DNA strategies have 
been employed to generate candidate flavivirus vac- 
cines. These strategies have included purified Esche- 
richia coli fusion proteins (Cane and Gould, 1988; Ma- 
son et ai, 1 989), crude lysates from moth cells in- 
fected with recombinant baculoviruses (Zhang et ai, 
1988; Matsuura ef ai, 1989; McCown et ai, 1990; 
Deubel etal., 1991), and live recombinant vaccinia vi- 
ruses (Deubel et ai, 1988; Zhao et ai, 1987; Haishi et 
ai., 1989; Bray etal., 1989; Falgout et al., 1990; Hahn 
etai, 1990; Putnak and Schlesinger,' 1990; Yasuda et 
ai, 1990; Mason etai., 1991; Men etal., 1991). Sev- 
eral of these, notably the recombinant baculovirus and 
vaccinia strategies, have yielded promising protection 
data. 

We have previously described recombinant vaccinia 
viruses expressing portions of the JEV ORF extending 
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from prM to NS2B. One of these viruses (vP555), which 
correctly expressed the prM, E, and NS1 proteins, in- 
duced the synthesis of extracellular particles that be- 
haved like empty viral envelopes and protected mice 
from a lethal JEV challenge (Mason et al., 1991). In trie, 
current study we have defined the JEV genes needed 
to produce extracellular particles and we have com- 
pared the protective capacity of a recombinant virus 
that produces these particles to viruses that specify 
the synthesis of NS1 alone. 

MATERIALS AND METHODS 

Cell lines and virus strains 

A thymidine kinase mutant of the Copenhagen strain 
of vaccinia virus, vP41 0 (Guo et a/., 1 989), was used to 
generate recombinants vP825, vP829, vP857, and 
vP864 (see below). The generation of vP555 has been 
previously described (Mason et al., 1991). All vaccinia 
virus stocks were produced in VERO (ATCC CCL81) 
cells in Eagle's minimal essential medium plus 10% 
heat-inactivated fetal bovine serum (FBS). Biosynthetic 
studies were performed using VERO cells grown at 37° y 
in MEM supplemented with 5% FBS and antibiotics, or * 
HeLa (ATCC CCL2) cells grown under the same condi 1 
tions except using 10% FBS and nonessential amino 
acids. The Nakayama strain of JEV used in all in vitro 
experiments has been described (Mason, 1 989). Ani- 
mal challenge experiments were performed using the 
highly pathogenic Beijing P3 strain of JEV (multiple 
mouse passage; Huang, 1982). 

Preparation of JEV cDNA encoding the C protein 

cDNA encoding the C protein of JEV was obtained by 
a modification of the method of Okayama and Berg 
(1982) using Moloney murine leukemia virus reverse 
transcriptase (BRL, Gaithersburg, MD) (D'Alessio and 
Gerard, 1 988). Genomic RNA was isolated from virions 
prepared from suspension cultures of C6/36 cells 
(Igarashi, 1978) infected with the Nakayama strain of 
JEV. First strand cDNA synthesis was primed from a 
synthetic oligonucleotide complementary to bases 
1 04 to 1 23 of the E coding region of JEV (McAda ef at., 
1987). The double-stranded cDNA was ligated to syn- 
thetic oligonucleotides containing the EcoR\ site (New 
England Biolabs, Beverly, MA), inserted into phospha- 
tase-treated, EcoRI-cleaved pBR322 (New England 
Biolabs), and the resulting DNA was used to transform 
E. coli strain DH5 cells (BRL). Plasmids were analyzed 
by restriction enzyme digestion and a plasmid (pC20) 
containing cDNA corresponding to 81 nucleotides of 
noncoding RNA and the C and prM coding regions was 
identified. pC20 was digested with EcoRI and at an 



internal Dra\ site situated 28 bp 5' of the ATG initiation 
codon and the resulting fragment containing the C and 
prM coding regions was inserted into Smal-EcoRI di- 
gested pUCl8 f creating plasmid, pDr20. The se- 
quence of the C coding region of pC20, combined with 
an updated sequence of the prM, E, NS1 , NS2A, and 
NS2B coding regions of the Nakayama strain of JEV, 
has been deposited with GenBank; all nucleotide coor- 
dinates listed in this publication are based on this up- 
dated sequence, with numbering beginning at the C 
protein methionine (Met) initiation codon. 

Cloning of JEV genes into a vaccinia virus donor 
plasmid 

Restriction enzymes and T4 DNA ligase were ob- 
tained from BRL, New England Biolabs, or Boehringer- 
Mannheim Biochemicals (Indianapolis, IN). Standard 
recombinant DNA techniques were used (Maniatis et 
al., 1 982) with minor modifications for cloning, screen- 
ing, and plasmid purification. Nucleic acid sequences 
were confirmed using standard dideoxy chain-termina- 
tion reactions (Sanger et al., 1 977) on alkaline-dena- 
tured double-stranded plasmid templates. Oligonucleo- 
tides were synthesized using standard chemistries 
(Biosearch 8700, San Rafael, CA; Applied Biosystems 
380B, Foster City, CA). Plasmids containing cDNA en- 
coding prM, E, NS1, NS2A, and NS2B from the 
Nakayama strain of JEV have been described (McAda 
etai, 1987; Mason etai, 1991). 

Plasmid pDr20 ( containing JEV cDNA (nucleotides 
-28 to 1000; see above), was digested with BamH\ 
and EcoRI and the JEV cDNA insert was cloned into 
plBI25 (IBI, New Haven, CT) generating plasmid 
pJEV1 8. pJEV1 8 was digested with Apa\ within the JEV 
sequence (nucleotide 23) and Xho\ within plBI25 and 
ligated to annealed oligonucleotides J90 and J91 (Fig. 
1; containing an Xho\ sticky end, Sma\ site, and JEV 
nucleotides 1 to 23) generating plasmid pJEV19. 
pJEV1 9 was digested with Xho\ within plBI25 and Acc\ 
within JEV sequences (nucleotide 602) and the result- 
ing 6 1 3-bp fragment was cloned into the Xho\ and Acc\ 
fragment of pJEV2 (Mason et al, 1991), generating 
plasmid pJEV20 (containing JEV sequences from the 
ATG of C through the Sac\ site (nucleotide 2 1 24) found 
in the last third of E). 

The Sma\-Sac\ fragment from pJEV8 (a plasmid anal- 
ogous to pJEVL (Mason etai., 1 991 ) in which I I Lit GT 
nucleotides 1 304 to 1 3 1 0 was changed to TCTTTGT) 
containing JEV sequences from the last third of E 
through the first two amino acids (aa) of NS2B (nucleo- 
tides 2124 to 4126), the plasmid origin-, and vaccinia 
sequences was ligated to the purified Sma\-Sac\ insert 
from pJEV20 yielding pJEV22-1 . The 6 bp correspond- 
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J90 5' -TCGflG CCCGGG atg RCTRflflARflCCnGGft CGGCC-3' 
J91 3'- C GGGCCC TRC TGATTTTTTGGTCCT C -5* 
Xho\ SboI * 

J91 5'- C T tga TTTTTflT tga CCGCCC A -3' 
J95 3*-CTflCG A ACT AAAflATA ACT.GCCGGC TTCGfl-5* 
Sph\ Eag\% W/ndl 1 1 

J96*J97 5*-GCG atg GGCGTTAflCCCACGAGACCGATCflATTGCTTTCGCCTTCTTAGCCACAGGACCTCTGCTCGTGTTCTTAGCCflCCflATGT GCATC-3' 
J99+J98 3*-CCC TfiC CCGCAATTCCCTGCTCTCGCTACTTAACGAAACCCGAflCAATCGGTGTCCTCCflCflCGACCflCAAGAATCGCTGGTTACA C -5' 

Sph\ 

Fig. 1 . Oligonucleotides used to construct the vaccinia virus donor plasmids; the translation stop (tga) and start (atg) sites are lower case and 
the early transcription stop (TTTTTAT) is underlined. 
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ing to the unique Sma\ site used to construct pJEV22-1 
were removed using oligonucleotide-directed double- 
strand break mutagenesis (Mandecki, 1986) creating 
pJEV24 in which the H6 early/late promoter immedi- 
ately preceded the ATG start codon. 

Plasmid pJEV7 (Mason er a/., 1991) was digested 
with Sph\ within JEV sequences (nucleotide 2380) and 
Hind\\\ within plBI24 and ligated to annealed oligonu- 
cleotides J94 and J95 (Fig. 1 ; containing a Sph\ sticky 
end, translation stop, a vaccinia early transcription ter- 
mination signal (I III I AT; Yuen and Mcjss, 1987), a 
second translation stop, and Eag\ site $nd a Hin6\\\ 
sticky end) to generate plasmid pJEV25 which contains 
JEV cDNA extending from the Sacl site (nucleotide 
2 1 24) in the last third of E through the C-terminus of E. 
The Sac\-Eag\ fragment from pJEV25 was ligated to 
the Sac\-Eag\ fragment of pJEV8 (containing JEV cDNA 
encoding the prM signal sequence, prM, and the N- 
terminal two thirds of E (nucleotides 337 to 21 24), and 
the plasmid origin and vaccinia sequences) yielding 
pJEV26. A unique Sma\ site preceding the ATG start 
codon was removed as described above, creating 
pJEV27 in which the H6 promoter immediately pre- 
ceded the ATG start codon. 

Oligonucleotides J96, J97, J98, and J99 (Fig. 1 ; con- 
taining JEV nucleotides 2293 to 2380 with the Sph\ 
sticky end) were annealed and ligated to Sma\~Sph\ 
digested plBI25 generating pJEV28. pJEV28 was di- 
gested with /-/pal within the JEV sequence (nucleotide 
2301 ) and with W/ndlll within the plBI25 sequence and 
ligated to the Hpa\-Hindl\\ fragment from pJEV1 or 
Hpa\-Hind\\\ fragment from pJEV7 (Mason ef a/., 1991) 
yielding pJEV29 (containing a Smal site followed by JEV 
cDNA encoding the NS1 signal sequence, NS1 , NS2A 
(nucleotides 2293 to 4126) or pJEV30 (containing a 
Smal site followed by JEV cDNA encoding the NS1 sig- 
nal sequence, NS1 , NS2A, NS2B (nucleotides 2293 to 
4512)). 

The Sma\-Eag\ fragment from pJEV29 was ligated to 
Sma\-Eag\ digested pTP1 5 (Mason et al., 1 991) yield- 
ing pJEV31. The 6 bp corresponding to the unique 
Smal site used to produce pJEV31 were removed as 



described above creating pJEV33 in which the H6 pro- 
moter immediately preceded the ATG start codon. 

The Sma\-Eag\ fragment from pJEV30 was ligated to 
Sma\-Eag\ digested pTP1 5 yielding pJEV32. The 6 bp 
corresponding to the unique Sma\ site used to produce 
pJEV32 were removed as described above creating 
pJEV34 in which the H6 promoter immediately pre- 
ceded the ATG start codon. 

Construction of vaccinia virus recombinants 

Procedures for transfection of recombinant donor 
plasmids into tissue culture cells infected with a rescu- 
ing vaccinia virus and identification of recombinants by 
in situ hybridization on nitrocellulose filters have been 
described (Panicali and Paoletti 1982; Guo et ai., 
1989). pJEV24, pJEV27, pJEV33, and pJEV34 were 
transfected into vP410-infected cells to generate the 
vaccinia recombinants vP825, vP829 t vP857, and 
vP864, respectively (Fig. 2). 

In vitro virus infection and radiolabeling 

HeLa cell monolayers prepared in 35-mm-.diameter 
dishes were infected with vaccinia viruses (rfi.o.i. of 2) 
or JEV (m.o.i. of 5). At 16 hr (vaccinia) or 40 hr (JEV) 
postinfection, the cells were pulse labeled for 2 hr with 
medium containing [ 35 S]Met and chased for 6 hr in the 
presence of excess unlabeled Met as described by 
Mason etal. (1991). Radioactive JEV antigens used to 
check pre- and postchallenge mouse sera (see below) 
were prepared by pulse labeling JEV-infected VERO 
cells for 3 hr at 24 hr postinfection. 

Radioimmunoprecipitation and polyacrylamide gel 
electrophoresis 

Radiolabeled cell lysates and culture fluids were pre- 
pared and the viral proteins were immunoprecipitated 
and resolved by SDS-containing polyacrylamide gel 
electrophoresis (SDS-PAGE) as described by Mason 
etal. (1991). 



.404 



KONISHI ET AL. 



VP825 I c 1 prM 



| NS1" 



| NS2A 



VP555 
VP829 
VP857 

VP864 

) 



■ PrM 



NS1 



NS1 



NS1 



I NS2A 



| NS2A 



| NS2A |~2B | 



t signal- peptidase cleavage sites 
| N-termlnal signal peptides 

Fig. 2. Map of the JEV coding regions inserted in the recombinant vaccinia viruses. 



Animal protection experiments 

Mouse protection experiments were performed as 
previously described (Mason et al., 1991). Briefly, 
groups of 20 3-week-old outbred Swiss mice were im- 
munized by intraperitoneal (i.p.) injection with 10 7 pfu 
of vaccinia virus, and 3 weeks later sera were collected 
from selected mice. One half of the mice in each group 
were then either reinoculated with the recombinant 
virus or challenged by i.p. injection with the P3 strain of 
JEV. Three weeks later, the boosted animals were bled 
and then challenged with the P3 strain of JEV. Follow- 
ing challenge, mice were observed at daily intervals for 
3 weeks and lethal-dose titrations were performed in 
each challenge experiment using littermates of the ex- 
perimental animals. In addition, sera were collected 
from all surviving animals 4 weeks after challenge. 

Evaluation of immune responses 

Pooled sera were tested for their ability to precipitate 
JEV proteins from detergent-treated cell lysates or cul- 
ture fluids obtained from [ 35 S]Met-labeled JEV-infected 
cells as described by Mason et al. (1 99 1 ). Hemaggluti- 
nation inhibition (HAI) tests and neutralization (NEUT) 
tests were performed essentially as described by Ma- 
son etal. (1991). 

RESULTS 

Structures of the recombinant vaccinia viruses 

Four new vaccinia recombinants were constructed 
that contained portions of the JEV coding region ex- 
tending from C through NS2B inserted in the HA locus. 
The JEV cDNA sequences contained in these recombi- 
nant viruses, along with vP555 (Mason et al., 1991), 
are shown in Fig. 2. In all recombinant viruses the 



sense strand of the JEV cDNA was positioned behind 
the early/late H6 promoter present in the vP41 0 parent 
strain of vaccinia, and translation was expected to be 
initiated from naturally occurring JEV Met codons 
located at the 5' ends of the viral cDNA sequences 
(Fig. 2). 

Recombinant vP825 encodes the capsid protein C, 
structural protein precursor prM, the structural glyco- 
protein E, the nonstructural glycoprotein NS1 , and the 
nonstructural protein NS2A. Recombinant vP555 (Ma- 
son et al., 199i) encodes the putative 15 aa signal 
sequence preceding the N-terminus of prM, prM, E, 
NS1 , and NS2A. Recombinant vP829 encodes the pu- 
tative signal sequence of prM, prM, and E. Recombi- 
nant vP857 contains a cDNA encoding the predicted 
30 aa signal sequence for NS1 followed by NS1 and 
NS2A. Recombinant vP864 contains a cDNA encoding 
the same proteins as vP857 with the addition of NS2B. 
In recombinants vP825 and vP829 a potential vaccinia 
virus early transcription termination signal in E 
(TTTTTGT; nucleotides 1304-1310) was modified to 
TCTTTGT without altering the aa sequence. This 
change was made in an attempt to increase the level of 
expression of E since this sequence has been shown 
to increase transcription termination in in vitro tran- 
scription assays (Yuen and Moss, 1987). 



E was properly processed when expressed by 
recombinant vaccinia viruses / 

The data from Jhe pulse-chase experiments de- 
picted in Fig. 3 demonstrate that proteins identical in 
size to E were synthesized in ceHs infected with all 
recombinant vaccinia viruses containing the E gene. In 
the case of cells infected with JEV, vP555, and vP829, 
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Fig. 3. Comparison of the E protein produced by JEV infection or 
infection with the recombinant vaccinia viruses. HeLa cells were 
infected with JEV or recombinant vaccinia viruses, labeled for 2 hr 
with-PSJMet, and chased for 6 hr. Equal portions of the cell mono- 
layer (M) or culture fluid (CF) prepared from each cell layer were 
immunoprecipitated with a MAb specific for E and then subjected to 



SDS-PAGE analysis. 



an E protein that migrated slower in SDS-PAGE was 
also detected in the culture fluid harvested from the 
infected cells (Fig. 3). We have previously shown that 
this extracellular form of E produced by JEV- and 
vP555-infected cells contains mature N-linked glycans 
(Mason, 1989; Mason etal., 1991), and we have con- 
firmed this finding by endoglycosidase treatment of the 
extracellular forms of E harvested from vP829\infected 
cells (results not shown). * 

Interestingly, vP825, which contains the C coding 
region in addition to prM and E specifies the synthesis 
of E in a form that is not released into the extracellular 
fluid (see Figs. 2 and 3). In addition, vP829-infected 
cells released more E protein than vP555-infected 
cells. Immunoprecipitates prepared from radiolabeled 
vaccinia-infected cells using a MAb specific for M (and 
prM) revealed that prM was synthesized in cells in- 
fected with vP555, vP825, and vP829 (data not 
shown). 

The extracellular fluid harvested from cells infected 
with vP555 and vP829 contained an HA activity that 
was undetectable in the culture fluid of cells infected 
with vP41 0, vP825, vP857, and vP864. The HA activity 
observed in the culture fluid of vP829-infected cells 
was eight times as high as that obtained from vP555- 
infected cells. This HA appeared similar to the HA pro- 
duced in JEV-infected cells based on its inhibition by 
anti-JEV antibodies and its pH optimum (see Mason et 
a/., 1991). Analysis of sucrose density gradients pre- 
pared with culture fluids obtained from infected cells 
identified a peak of HA activity in the vP829 sample that 
comigrated with the peak of slowly sedimented hemag- 
glutinin (SHA) found in the JEV culture fluids (data not 
shown). This result indicated that vP829-infected cells 
produced extracellular particles similar to the empty 
viral envelopes containing E and M which we observed 
in the culture fluids harvested from vP555-infected 
cells (Mason etal., 1991). 



NS1 was properly processed when expressed by 
recombinant vaccinia viruses 

The data from the pulse-chase experiments de- 
picted in Fig. 4 demonstrate that a protein identical in 
size to authentic NS1 was synthesized in cells infected 
with vP555, vP825, vP857, or vP864. In addition, these 
cells produced a higher molecular weight form of NS 1 , 
NS1', which we have previously shown is produced by 
alternative processing of the sequences encoded by 
the NS2A region of the JEV genome (Mason et a/., 
1987). Consistent with our previous experiments, we 
found that NS1 produced by vP555-infected cells was 
released into the culture fluid of infected cells in a 
higher molecular weight form. NS1 was also released 
into the culture fluid of cells infected with vP857 and 
vP864. Comparison of the synthesis of NS1 from vac- 
cinia viruses containing either the NS2A (vP857) or 
both the NS2A and NS2B (vP864) coding regions 
showed that the presence or absence of the NS2B 
coding region had no effect on NS1 expression, con- 
sistent with previous data showing that only the NS2A 
gene is needed for the proper processing of NS1 (Fal- 
goutefa/., 1989; Mason et aL, 1991). 

Examination of the autoradiogram shown in Fig. 4 
suggests that cells infected with vP825 did not release 
NS1 . Although overexposure of this and other autora- 
diograms did show that some NS1 was released from 
vP825-infected cells, the efficiency of release was 
more than 10 times less than that for NS1 synthesized 
in vP555-, vP857-, or vP864-infected cells. 

Recombinant vaccinia viruses induced immune 
responses to JEV antigens 

Prechallenge sera pooled from selected animals in 
each group were tested for their ability to immunppre- 
cipitate radiolabeled E and NS1. The results of these 
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Fig. 4. Comparison of the NS1 proteins produced by JEV infection 
or infection with the recombinant vaccinia viruses. HeLa cells were 
infected with JEV or recombinant vaccinia viruses, labeled for 2 hr 
with PSJMet, and chased for 6 hr. Equal fractions of the cell mono- 
layer (M) or culture fluid (CF) prepared from each cell layer were 
immunoprecipitated with a MAb specific for NS1 and then subjected 
to SDS-PAGE analysis. 
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Fig. 5. Analysis of the JEV-specific reactivity of prechallenge sera from mice vaccinated with the recombinant vaccinia viruses or the parental 
vaccinia virus, vP410. Sera collected from a subset of the animals used in the protection experiments (see Tables 1 and 2) were pooled and 
aliquots were tested for their ability to immunoprecipitate radiolabeled proteins harvested from the culture fluid of JEV-infected cells. (A) The 
positions of the E and NS1 proteins precipitated with MAbs and the radioimmunoprecipitations obtained from the pooled sera from the two 
groups of animals vaccinated once (1) or twice (2) with vP410, vP555, or vP829. (B) The reactivity of sera obtained from groups of animals 
vaccinated with vP825, vP857, or vP864; the two tanes on the right side of the autoradiogram in Panel B were prepared from samples 
immunoprecipitated with sera obtained from uninoculated mice (-) or from a mouse that survived a normally lethal dose of JEV (JEV). 



studies (Fig. 5) demonstrated: (1 ) the following order of 
immune response to E, vP829 > vP555 > vP825, (2) all 
viruses encoding NS1 and NS2A induced antibodies to 
NS1 , and (3) all immune responses were increased by 
a second inoculation with the recombinant viruses. 
Analysis of the neutralization and HAI data for the sera 
collected from these animals confirmed the results of 
the immunoprecipitation analyses, showing that the 
immune response to E as demonstrated by radioim- 
munoprecipitation correlated well with these other se- 
rological tests (Table 1). 

Vaccination with the recombinant viruses provided 
protection from lethal JEV infection 

All of the recombinant vaccinia viruses were able to 
provide mice with some protection from lethal JEV in- 
fection by the peripherally pathogenic P3 strain of JEV 
(Huang, 1982) (Table 2). These studies confirmed the 
protective potential of vP555 (Mason etaL, 1991) and 
demonstrated similar protection in animals inoculated 
with vP825 and vP829. Recombinant viruses vP857 
and vP864 which induced strong immune responses 
to NS1 (see above, Fig. 5) showed much lower levels of 
protection, but mice inoculated two times with these 
recombinants were still significantly protected when 
compared to mice inoculated with the control virus, 
vP410 (P < 0.05 by the x 2 test; Table 2). 

Postchallenge immune responses document the 
level of JEV replication 

In order to obtain a better understanding of the mech- 
anism of protection from lethal challenge in vaccinated 
animals, the ability of antibodies in postchallenge sera 
to recognize JEV antigens was evaluated. Since the 



nonstructural protein, NS3, was not expressed in any 
of the recombinant viruses and since it induces high 
levels of antibodies in hyperimmunized mice (Mason et 
aL, 1 987), reactivity to NS3 was chosen as an indicator 
of viral replication in the sera of animals surviving infec- 
tion. The reactivity of postchallenge sera with NS3 cor- 
relates well with the survival data in that groups of ani- 
mals vaccinated with recombinant viruses that in- 
duced high levels of protection (vP829, vP555, and 



TABLE 1 

NEUT and HAI Antibody Titers in Prechallenge Sera 



\ 


One inoculation 


Two inoculations 


Immunizing 


NEUT 


HAI 


NEUT 


HAI 


virus 3 


titer 6 


titer 0 


titer 6 


titer 0 


vP410 Group 1 


<1:10 


<1:10 






vP410 Group 2 


<1:10 


<1:10 


<1:10 


<1:10 


vP555 Group 1 


1:20 


1:20 






vP555 Group 2 


1:20 


1:20 


1:320 


1:80 


vP825 Group 1 


1:10 


1:10 






vP825 Group 2 


<1:10 


1:10 


1:320 


■ 1:40 


vP829 Group 1. 


1:80 


1:40 






vP829 Group 2 


1:160 


1:40 


( 1:2560 ' 


1:160 


vP857 Group 1 


<1:10 


<1:10 






vP857 Group 2 


<1:10 


<1:10 


;<1:10 


<1:10 


vP864 Group 1 


<1:10 


<1:10 






vP864 Group 2 


<1:10 


<1:10 


<1:10 


<1:10 



a Vaccinia recombinant used for immunization; Group 1 indicates 
mice challenged 3 weeks following a single vaccinia inoculation, and 
Group 2 indicates mice challenged following two inoculations (see 
Materials and Methods). JEV sequences incorporated in the recombi- 
nant viruses-are shown in Fig. 2; vP410 is the parental virus. 

6 Serum dilution yielding 90% reduction in plaque number. 

c Serum dilution. 
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TABLE 2 

Survival of Vaccinia-Immunized Mice following 
a Lethal JEV Challenge 



Immunizing 
virus" 


Survival after 
one inoculation 6 


* Survival after 
two inoculations 0 


vP410 


0/10 


0/10 


vP555 


7/10 


10/10 


vP825 


8/10 


9/10 


vP829 


10/10 


9/10 


vP657 


0/10 


5/10 


vP864 


1/10 


6/10 



* Vaccinia recombinant used for immunization. JEV sequences in- 
corporated in the recombinant viruses are shown in Fig. 2; vP410 is 
the parental virus. 

b Live animals/total for each group; challenged with 4.9 X 10 5 LD^ 
of JEV 3 weeks following a single vaccinia inoculation. 

c Live animals/total for each group; challenged with 1 .3 x 1 0 3 LD 50 
of JEV 6 weeks following the first inoculation and 3 weeks following 
the second inoculation with the same vaccinia recombinant. 



vP825) showed low postchallenge responses to NS3, 
whereas the sera from survivors in groups vaccinated 
with recombinants that expressed NS1 alone*(vP857 
and vP864) showed much higher postchallenge re- 
sponses to NS3 (Fig. 6). In addition to responding to 
the NS3 protein, mice vaccinated with recombinants 
expressing only NS1 (vP857 and vP864) showed 
strong postchallenge responses to E, and mice vacci- 
nated with vP829 which expresses prM and E showed 
postchallenge responses to NS1. Furthermore, over- 
exposure of the gel shown in Fig. 6 showed specific 
reaction to NS3, even in animals inoculated two times 
with vP829. 

DISCUSSION 

We constructed four new JEV-vaccinia recombinant 
viruses to analyze the contribution of individual JEV an- 
tigens to protective immunity and to further character- 
ize the biosynthesis of the JEV proteins. Evaluation of 
these recombinant viruses in a mouse challenge sys- 
tem showed that viruses encoding NS1 alone provided 
some protection from lethal infection, but much better 
protection was achieved with viruses that induced neu- 
tralizing antibodies. Especially high neutralizing anti- 
body titers were observed in mice inoculated with the 
recombinant vP829, which produced SHA-like extra- 
cellular particles containing E. This recombinant virus 
serves as our best vaccine candidate to date and 
should be a useful tool for studying assembly of flavi- 
virus structural proteins. 

Several reports from other laboratories have docu- 
mented the ability of flavivirus-vaccinia recombinants 



to protect mice from lethal flavivirus challenge. Yasuda 
et al. (1990) have shown that recombinant viruses ex- 
pressing the prM and E proteins of JEV induce neutraliz- 
ing antibodies and protect mice from approximately 1 0 
LD 50 of challenge virus. Lai and co-workers have 
shown that a recombinant containing the entire 5' end 
of the dengue type 4 viral ORF (extending from C to 
NS2A) produce intracellular forms of prM, E, and NS1 
but fail to induce the synthesis of extracellular forms of 
any of the structural proteins (Zhao et al., 1987; Brayef 
al., 1 989). Additional dengue 4 recombinants that con- 
tained several forms of the E gene have also been ex- 
amined, and although several of these recombinant vi- 
ruses were protective, they did not produce extracellu- 
lar forms of E (Bray et al., 1989). Interestingly, a 
dengue-vaccinia recombinant expressing a C-termi- 
nally truncated E protein gene induced the synthesis of 
an extracellular form of E and provided an increased 
level of resistance to dengue virus encephalitis in inoc- 
ulated mice (Men era/., 1991). 

Some vaccinia recombinants have yielded less en- 
couraging results. Dengue type 2 structural proteins 
have been expressed by recombinant vaccinia viruses 
(Deubel ef al., 1988), and although these viruses in- 
duced the synthesis of the structural glycoprotein 
within infected cells, they neither elicited detectable 
anti-dengue immune responses nor protected mon- 
keys from dengue infection. Recombinants con- 
structed to express structural proteins of dengue type 
2 or yellow fever virus elicited low and variable levels of 
neutralizing antibodies in inoculated mice (Hahn etal., 
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Fig. 6. Analysis of the JEV-specific reactivity of sera obtained from 
mice that survived JEV challenge. Sera collected from all animals in 
the indicated groups that survived challenge (see Tables 1 and 2) 
were pooled and aliquots were tested for their ability to immunopre- 
cipitate radiolabeled proteins harvested from JEV-infected cells. The 
positions of JEV proteins are shown at the left side of the autoradio- 
gram. 
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1 990). Mice immunized with a recombinant expressing 
NS1 of yellow fever virus were partially protected 
against lethal challenge with yellow fever virus (Putnak 
and Schlesinger, 1990). . - . 

Our previous report on vaccinia recombinants that 
produced extracellular SHA-like particles suggested 
that prM was required for production of these particles 
since they were only observed in the culture fluids of 
cells infected with vaccinias that expressed prM in ad- 
dition to E and NS1 (Mason etal., 1991). In this study 
we have shown that a recombinant containing the C 
coding region in additionjto prM and E (vP825) failed to 
produce any extracellular forms of the structural pro- 
teins. Thus, we speculate that the factors needed for 
the production of extracellular SHA-like particles are (1 ) 
the possession of coding regions for prM and E and (2) 
the absence of the C coding region. Although we have 
not formally shown that vP825-infected cells contain 
any form(s) of C, we feel that the expression of C in the 
absence of other viral components (including viral pro- 
teases and RNA) could interfere with the assembly of 
the viral membrane proteins into a particulate form. 

The recombinant viruses, vP555, vP857, and vP864, 
induced the synthesis of mature extracellular forms of 
NS1. However, cells infected with the recombinant 
vP825 that has the JEV ORF insert from C to NS2A 
released barely detectable amounts of NS1 into the 
culture fluid. This reduction in release of NS1 in cells 
that accumulate E and prM suggests that NS1 could 
be bound to the structural proteins during some stage 
of viral envelope assembly. Moreover, the release of 
higher hemagglutination activity from vP829-infected 
than vP555-infected cells may be related to the retar- 
dation of the movement of subviral particles (SHA) 
through the secretory pathway in the presence of NS1 . 

Our previous studies showed that viruses that pro- 
duced extracellular forms of the structural proteins of 
JEV protected mice from lethal JEV infection (Mason ef 
a/., 1 99 1 ). The present study demonstrates that recom- 
binants which synthesize the most extracellular parti- 
cles in vitro elicit the highest NEUT antibody titers in 
mice. These results suggest that the synthesis of ex- 
tracellular SHA-like particles is important for eliciting 
high levels of protective immunity in mice. However 
production of extracellular particles in vitro is not an 
absolute requisite for protection since vP825, which 
does not induce the production of an extracellular HA 
in infected cells, induces NEUT antibodies and pro- 
tects mice. The ability of vP825 to protect animals from 
lethal infection, whereas vP583 or vP658 (expressing E 
and NS 1 ; Mason et al., 1 99 1 ) did not protect, suggests 
that infected cell-associated E is an effective immuno- 
gen when produced in the presence of prM. The ability 



of this cell-associated form of E to immunize animals 
could be due to stabilization of the E antigen by prM 
following synthesis or during lysis of the vaccinia re- 
combinant-infected cells in vivo. 

One of the goals of this study was to evaluate the 
ability of recombinants expressing NS1 alone to pro- 
tect mice from JEV encephalitis. These experiments 
show that recombinants, vP857, and vP864, which in- 
duce the synthesis of NS1 protein, induced antibodies 
to NS1 in inoculated mice. However, these recombi- 
nants were much less effective than structural pro- 
tein expressing recombinants in protecting mice from 
JEV encephalitis. The radioimmunoprecipitation data 
shown in Fig. 6 demonstrate higher antibody levels to 
NS3 in postchallenge sera obtained from mice immu- 
nized with recombinants expressing NS1 than those 
coexpressing prM and E. This finding supports the idea 
that NEUT antibody prevents virus replication more ef- 
fectively than antibody to NS 1 . Interestingly, antibodies 
to NS3 were detectable in pooled sera from vP555-, 
vP825-, orvP829-immunized mice which had neutraliz- 
ing antibodies prior to challenge. These results demon- 
strate that some challenge virus replication occurred in 
these animals despite the fact that the animals were 
protected from JEV-induced disease. 
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The flavivirus Vvirioh consists' of a nuclcocapsid sur* 
rounded by a lipid bilaycr containing an envelope (E) glycol 
protein and a nonglycosylatcd membrane (M) protein. The? 
; M protein is found in infected cells as a glycosylated 
precursor, prM, which is cleaved taform M in a late-stage] 
cleavage event, presumably by a ccllularprotcasc located inV 
the secretory pathway (reviewed in reference 3). The prMI 
>;and E proteins arc synthesized as a part of a polyproteirf 
/processed during translation through the endoplasmic rctic^ 
ulum (ER) membrane. These proteins appear inside the 4 
Mumen bfnhc ER with their N termini cleaved by signalise? 
and.their G : tenriihal hydrophobic amino acid domains sup-; 
.ply stop transfer sequences and membrane anchors. The E* 
protein plays an important role in receptor binding and' 
membrane fusion and contains most of the sites that react 
.with, neutralizing antibodies as well' as many protective 
epitopes (reviewed in reference 7). The roles for' prM m 
virion function and viral biology remain unclear, although" 
prM is probably involved in virion;maturatibn/ 
age of prM to M is associated with changes in inactivity (14? 
and fusion activity (6) and since prM and E are found iff . 
cell-as&uciated heterodimers (14). ..' 4 g 

, We have developed recombinant vaccinia viruses encod? 
ing various combinations of Japanese encephalitis vinis 
(JEV)structural arid nonstructural (NS) proteins in order to' 
define the roles of these proteins in inducing protective 
immunity (8, 13). Two of these/viruses, vP555 and vP829> 
encode prM and E and induced the proper synthesis of botri 
intracellular and extracellular forms of the prM/M and E 
proteins in infected cells (8, 13), in the presence (vP555) or 
absence (vP829)of NS1. Furthermore, we demonstrated that 
cells infected with vP829 released subviral particles of 20-nm 
diameter that were characterized as flavivirus RNA-free 
membrane vesicles with prM/M and E embedded in a lipid 
bilayer (9). Another recombinant, vP658, encodes E and 



v 

•'I 



* Corresponding author. 



NS1, and Eprbduccd bycells infected with this ^iruslswt 
released into the extract u ^■; ^<tU. t , 

To determine whether E ' produccd^^^^ was 1 * riot 
released from ceUs because 'of its presence in a different 
subcellular compartmcrit, 'we used indirect immundflubrdsi 
ccricc microscopy; 'The'," results of these "studies * (Fig; 1) 
showed that E was distributed; in a fine- network tif the 
^ cytoplasm ;of ^ either vP658 or vPi?9 f 

: Tiujggcsting that; E;prodt^ v irl * celisjnfed 5 
- reepmbin^nrjs present ^ previous ' 

-N-linked glyc^ -'s^ 
\ f Ta further prpte^^ 
t by cells infected ,with ^these^yiruses; we compared the 
reactions of. E t prepared from 7 cells infected, witK the Na- 
kayama strain ; ^f Jl^/yl>829^br vP658 >ith a panelVof 
monoclonal antibodies (MAbs). For these analyses, radioac- ' $ 
trve antigens prepared ^ 
? r vP ^ 58 ,trnmunppredpitated^ MAbs and sub-!* 
; jected^tp ^iurri cV^ecyl sulfate 

, gel , electrophoresis , (SPS-PAGE), ; and l^e amb ,of ^E ;l 
precipitated was determined by using a Molecular Dynamics 
Phosphorlmager. Table. r l shows thevresults.for three se- ^ 
. Iecte;d; MAbs.sTwo orthese^ J3,llG5 and J3-14E6,(12), are 
; shown since they exhibited the highest and lowest reactions ' f 
with the authentic (JEV) E protein, and the third MAb, ^ 
D1-4G2 (5), was selected since it reacts with a discontinuous 42 ' 
^ epitope and its binding is dependent^ on correct disulfide 
; bond formation within E (12). These results indicate that the 
vP658-encoded E was present in cell lysates in much lower 
amounts, probably as a result of degradation since identical 
vectors and promoters were used for construction of vP829 
and vP658 (8, 13). Furthermore, the vP658 E is in an 
antigenicity different conformation from E present in ceils 
infected with JEV or vP829, since it reacted very poorly with 
D1-4G2. 

The hydrophobic properties of E produced by JEV-, 
vP829-, and vP658-infected cells were compared by using 
Triton X-114 phase separation experiments. As shown in 
Fig. 2, most of the radioactive E obtained from JEV- and 
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1 vPK29.-infcctcd cells. partitioned into -.-the -detergent, phase 
< whereas more than half of the E protein molecules syn the- 
sized , n vP658-infcctcd ceils were 'found -in the aqueous 
. phase: - Furthermore, essentially 100% of E ; found in culture 
-fluids ;of JEV- and vP829-infectcd cells; remained in the 
hfletcrgent^phase during extraction, and no E was released 
from . yP658-infected /cells, .confirming earlier studies (13) 
• These; results suggest that E synthesized , in vP658-infected 
cecils* was-' improperly folded, preventing it from displaying 
.the amphipathic ^properties of E produced by JEV- and 
yP829 r infcctcd cells. The hydrophilicriorms of, E found in 
/vP658-infc.ctrH,cclls arc probably similar, to misfolded disul- 



^c-linlw^ synthesized viraf glycomoi 

terns/ recently idchtificd by 'MarquardV'and Hclcnius (_0>. 
The E protcin.fjrpduccd by VP658 is present in' similar tWcs 
of aggregates; 'since most/of the €prbUihlound >: in'vP6S8-' 
.infected'^ 

^ f " ? h 5 e absence of re^uctiorf (data not <:t snb\vTfij^ ? ' 

Production of p^ 
coded l Droteinsin v celis -mrn &t h?'&i_££i ^^ku^ 




vir^s E ^ycoproteini^ to 
determine whe^ by ^o^frecombihShWaccinia ' 

viruses could be ihcofpbrated into 1 fte vrvirus pseudorypes' ' 



JA ^W V Reaction of E produced by JEV-. vP829-; and vP658- 
*.;.'"; t ; infected He La cells with' KlAbs" ' 



Virus; 



Relative ami'* after immunoprccipitatiori I with MAb: 



J3-UG5 



J.V14E6 



D1-4G2 



JEV 

vP829 

vP658 



57 
8.8 



35 
60 
5.6 



39 
55 
1.1 



* He La cell monolayers were infcclcd wiih recombinant vaccinia viruses 
lroull.plic.ly of infection of 2) or JEV (multiplicity of infection of 5) and then 
were pulse-labefcd for 2 h with ["S|methioninc and chased for 6 h in the 
presence of excess unlabeled methionine (13). Radiolabeled cell lysaies and 
n 5c* n-I? S *f rc immunt Wccipitatcd with MAbs against E. J3-11G5, 

h i ? { 1 and DWG2 * 5) - and ,hcn resolved by SDS-PAGE. 
Relative amounts of immunoprecipitated E protein present in SDS- 
polyacrylamidc gels determined with a Phosphor Imager. 
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FIG. 2. Radioimmunoprecipttates of Triton X-I14-extracted ly- 
saies of HeLa cells infected with JEV t vP829, or vP658. Cell 
monolayers and culture fluids obtained from [ ,5 S]Mel-labeIed, in- 
fected cells were subjected to phase separation by using 2% Triton 
X-114 prepared in 50 mM Tris-HCI (pH 7.5) containing protease 
inhibitors as previously described (2, 11); E was immunoprecipi- 
tated from equal portions of the aqueous (A) and washed detergent 
(D) phases by using MAb J3-11B9, subjected to SDS-PAGE, and 
autoradiographed. 
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vP829, from the culture fluid of cells Infected with vPftSH alone, or 
from the culture fluid from cells (reinfected with 2-8 and vP658, as 



were Infected with MVEV (multiplicity of Infection of 2), Incubated 
lot 24 h, and superlnfectcd with vP829 or vP65H (multiplicity of 




^ # e 5^4 ed 2-8 strain (Fig;3BK : 'indidatii«:t^yinbns^ 
, J R™uced byebinfection with vP658 did not ppr™~ 
; ^ fa y vP65 «; even ovefeicpOTure, w 
f ; ^ f ^iJ^Hr ^ ^ evidence for the Nakayama-sized E^ 

; <w; : PrM^Uiirsynthesized by 2-8 could notres6iie> L - 

! {The production of flavivirus pseudotypes. by coinfectioii| 
with recombinant vaccinia viruses was further examined by? 

• ; ? P virus* 

(MVEV; obtained frpm the Yale Arbovirus Research Unit) 
and neutralization tests. £ Surprisingly; ^viruses harvested* 
from cells dually infected^yith MVEV and vP829 could be? 
neutralized with MAb J3-14H5 at a dose-response* levell 
identical to that for JEV. This efficient neutralization prob-f 
ably reflects an efficient incorporation of the overexpressed* 
u 5.P rotem lnt0 the resultin g viruses and may also reflect' 
the ability of this MAb to neutralize virus by binding to only 
a smal number of sites on the virion, consistent with its high 
neutralization titer (12). No detectable neutralization with 
tms JEV-speciflc MAb was noted in the virus harvested from 
cells dually infected with MVEV and vP658 (Fig. 4). These 
results show that JEV E cosynthesized with prM was 
capable of being incorporated into the MVEV virion, 
whereas JEV E produced in the absence of prM was not. 
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Summary 

By analyzing the effects of single base substitutions 
around the ATG Initiator codon In a cloned preprolnsu- 
lln gene, I have Identified ACGATGG as the optimal se- 
quence for Initiation by eukaryotic ribosomes. Muta- 
tions within that sequence modulate the yield of 
prolnsulin over a 20-fbid range. A purine In position 
-3 3 nucleotides upstream from the ATG codon) 
has a dominant effect; when a pyrimidlne replaces the 
purine in position -3, translation becomes more sen- 
sitive to changes In positions -1, -2, and +4. Single 
base substitutions around an upstream, out-of-frame 
ATG codon affect the efficiency with which It acts as 
a barrier to Initiating at the downstream start site for 
preprolnsulln. The optimal sequence for Initiation de- 
fined by mutagenesis ts Identical to the consensus se- 
quence that emerged previously from surveys of 
translations! start sites In eukaryotic mRNAs. The 
mechanism by which nucleotides flanking the ATG 
codon might exert their effect Is discussed. 

Introduction 

A considerable body of evidence supports the idea that 
40S ribosomaJ subunits bind at the capped 5' end and 
scan the mRNA sequence until an AUG codon Is reached 
(Kozak. 1980a. 1983a). The fact that 40S subunits can mi- 
grate on mRNA, prior to the assembly of a complete 80S 
ribosome, has been demonstrated in vitro (Kozak and 
Shatkin, 1978; Kozak, 1980b). The stimulatory effect of the. 
m 7 G cap (Shatkin, 1978) and the inability of ribosomes to 
bind to circular mRNAs (Kozak, 1979; KonarsKa et a). ( 
1981) point to an encVdependent mechanism. The fact that 
eukaryotic ribosomes usually translate only the 5'-pmxi- 
mal cistmn in polycfstronic viral mRNAs (Smith, 1977) is 
also rationalized by the scanning model. The importance 
of position in defining the functional initiation site was 
shown by manipulating a cloned preprolnsulln gene to 
produce an mRNA In which the "ribosome binding site* 
(i.a the ATG initiator codon and flanking sequence) was 
tandemty reiterated: ribosomes Initiated exclusively at the 
5'-proximai copy in the tandem array (Kozak, 1983b). 

Inspection of sequences near the 5* ends of eukaryotic 
mRNAs provides evidence that might be Interpreted for or 
against the scanning hypothesis: in '^90% of the mRNAs 
examined, there are no extraneous AUG triplets upstream 
of the functional initiator codon— a provocative finding 
that ts rationalized by the scanning model. However, 6% 
to 10% of eukaryotic mRNAs have AUG triplatfs) up- 
stream of the known start site for protein synthesis (Kozak, 



1983a). In such mRNAs, the upstream AUG triplets occur 
in a context different from the conserved pattern of nucleo- 
tides around functional initiator codons (Kozak, 1981, 
1983a, 1984a). This difference inspired a modified version 
of the scanning model In which both the position of an 
AUG codon and Its context play a role (Kozak, 1981). Our 
current working hypothesis is that a 40S ribosomaJ 
subunit (with associated factors, of course) binds at the 5 J 
end of mRNA and advances linearly until it reaches the 
first AUG triplet: if the first AUG codon occurs in an optima) 
context, all 40S subunits stop and that AUG serves as the 
unique site of Initiation. But if the sequence around the 
first AUG triplet is suboptimal, some 40$ subunits bypass 
that site and Initiate farther downstream. The optimal con- 
text for Initiation, derived from the aforementioned survey, 
was CCgCCAUGG (Kozak, 1981, 1984a). Within that se- 
quence, the purine In position ~3 (3 nucleotides upstream 
of the AUG codon) is most highly conserved: ~75% of the 
mRNAs examined had A In that position, and another 
3>% had G. Some experimental evidence for the impor- 
tance of A or G In position -3, and G In position +4 (im- 
mediately following the AUG codon), has been obtained 
by measuring the binding of synthetic oligonucleotides to 
wheat germ ribosomes in vitro (Kozak, 1981). By applying 
site-directed mutagenesis to a doned preprolnsulln gene, 
point mutations were created near the AUG initiator 
codon; translation of those mutants in vivo confirmed the 
requirement for a purine In position -3 (Kozak, 1984b). 
Using a more efficient scheme for mutagenesis, I have 
now obtained a larger set of mutants. Base substitutions 
in at least four positions near the AUG codon modulate its 
function, as described below. The sequence ACCAUGG 
emerges as the best context for initiation In this system. 
Moris et ai. (1985) recently described an o-thalassemla In 
which the sequence at the initiation site for o-globin was 
changed from CACCAUG to CCCCAUG. The resulting 
deficiency in globin synthesis confirms, in a natural set- 
ting, the importance of A in position -a 

There are a few eukaryotic mRNAs In which an AUG 
codon in an excellent context (such that ail 40S subunits 
should initiate exclusively there) occurs upstream of a 
second AUG codon which Is known to function. The scan- 
ning mechanism as outlined above cannot explain that 
anomaly. Initiation at the internal AUG triplet in such mes- 
sages has been attributed to reinitiation, which seems 
reasonable because access to the downstream cistron is 
critically dependent on having a terminator codon in 
frame with the first AUG codon and upstream from the 
second (Dixon and Hohn, 1984; Hughes et ai.. 1984: Ko- 
zak, 1984c; Uu et at., 1984). Our interpretation is that the 
40S ribosomaJ subunit remains on the mRNA at the termi- 
nator codon and resumes scanning; it stops and reiniti- 
ates when it reaches the next (internal) AUG codon. The 
similarity between primary Initiation (!.& selection of the 
proximal AUG codon) and reinitiation is emphasized by 
the finding, described herein, that the optimal context for 
the AUG codon is the same tor both processes, 
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Replace this 178 bp fragment 
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of the general' structure: 
Ala 

Hlndlll /tet Set leu Trp 

5 ' AGCTTNKNNNATGf CCCTGTG 3 ' 

ANNNNN TAC NGGGACA CCTAG 
y B&mHI 

Met Ser 

S agctgcnnnnnATGtc 3 ' 

CGNNNNN TAC AGCTAG CI 



tetR orl ampR 

f////////////////////7/////mrnm\ 



(BarnHI) 



( Series B11 to B58 

\ ATG 1s In -phase 

I with preproinsulln coding sequence 



/Series B130 to B147 

( ATG 1s 1n-phase 

t with preproinsulln coding sequence 



Wet Val Val 

y AGCTTCNNNNNATGNCACC ATGGTAGT 3 * 

a AGNNNNN TAC NGTGG TAC CATC AC TAG. 



Series 

First ATG is out-of-phase; 
second ATG starts preproinsulln 



5- 

Hguta i. Schema tor Generating Point Mutations around the ATO Codon In Rasmlds Thai Express Preprotnsulin 

The parental plaamhJ 0255/11 b shown in linear form at the tap. Transcription of the rat pmpr&nsuBn gene Is maoTaled by the SV40 earty promoter, 
designated P E . Shaded areas represent imrons that Interrupt the ff-noncoctoig sequence (open areas) and the praprolnsutln coding sequence (stip- 
pled)* The Bam HI site shown in parentheses is present In the original p255 (lomedlco and McAndrew, 1S82) but was eliminated from p255/!1 (see 
Experimental Procedures). "N" Indicates positions where the sequence of the oligonucleotides was mbiguous, gen eralu tg mutations around the 
ATG codon. The general term of the mutagenic Insertion sequences Is shown here; the specific oligonucleotides used In the experiments are feted 
In Table 1. In the 8 series, mutations were Introduced around an ATG codon that starts the preprotnsulin coding sequence. In the F series, the focus 
d mutagenesis was an upstream. ouVoMrame ATQ codon that serves as a barrier to initiating preprotn&uBn. The f+tormlna) amino acid sequence 
Is shown for the variant torm of praprofnsulinencoMlneash 
rat pfeprotnsuSn (MetAJaLeuTrp). 



Results 

Mutagenesis around the Initiator Codon In 
Preproinsulln Expression Vectors 
Figure 1 shows the scheme used to produce mutants in 
the B series, in which the sequence flanking the Initiator 
codon was systematically varied. The technique Involves 
deleting the DNA fragment that carries the normal transla- 
tionai start site lor preproinsulln. and replacing It with a 
synthetic ATG-containlng oligonucleotide: the ATO codon 
carried on the Insert functions as the new Initiation site for 
preproinsulin. (Since all manipulations in this study were 
at the DNA level, I shall refer to the Initiator codon as ATG 
Irrespective of whether the reference Is to DNA or mRNA.) 
The presence of sticky ends on the oligonucleotide that 
are complementary to those on the acceptor DNA ensures 
efficient Insertion, and the presence of sequence am- 
biguities within the oligonucleotide generates a large 
number of mutants. MatteuccJ and Heynecker (1983) were 
the first to use a technique similar to this for analyzing 
translation in E. coll. 



Multiple insertions were precluded by carrying out the 
figase reaction without prior 5' phosphorylation of. the 
oligonucleotide; thus, each recovered mutant carried a 
single copy of the oligonucleotide. Only when the mis- 
match occurred very close to the end of the oligonucleo- 
tide. In the penultimate or antepenultimate position, did I 
encounter difficulty In obtaining the nearly complete set 
of mutants expected. Occasionally, however, one member 
of a series was not found, despite the repeated isolation 
of other members of the set; In such cases, a new oligo- 
nucleotide was prepared that encoded unambiguously 
the desired sequence. Mutants In which the sequence of 
the Insert did not correspond precisely to the starting 
oligonucleotide were recovered Infrequently; when found, 
they usually devtated In one position from the Input 
oligonucleotide. No mutations were found outside of the 
region encompassed by the oligonucleotide Insert. 

The screening of mutants was facilitated by varying only 
two or three positions at a time Thus, three oligonucleo- 
tides, each of which conforms to the general structure 
shown in Figure 1, were actually used to obtain mutants 
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Table 1. Oligonucleotides Used for Insertion Mutagenesis 



Mutants Oligonucleotides 



eu- 


821 


AGCTTCCAHHAT66CCCT6T6 


831 - 


839 


ACCTTG6NTTAT6fcCCTGTG 


641 - 


858 


AGCTTGG§NNATGTCCCT6TG 


6130 


-8135 


AGCT6CCgggCATGTC 


8137 


-8138 


AGCTGCTTjTTATGTC 


8140 


-BUS 


A6CTGCT A .T$TATGTC 


BUS 


-81* 7 


agctgcJTtttatgtc 


Fl - 


FB 


AGCTTCTGiTTATGBCACCATGfiTAGT 


F9 - 


FIO 


agcttctg|ttJtgtcaccatg6Tagt 


fll. 


- F15 


agcttcc£a{Jatgtcaccatg6tagt 



Sequences are dated tor the top (plus) strand of each duplex 
oflgonodeoUds thai was Inserted between the Hind to and Bw> HI sites 
ofp255ni. ^starntefor amixturaolefl touf 
tanta that wore obtained are listed tn the loft ootunw; their general Uuift 
b depleted m Rgure 1, and the precise saquenee around the ATQ 
oodon tn each mutant la given In Figures 2 through 6. 



811 through B58\ The sequences of the specific oligo- 
nucleotides used for mutagenesis are ghren In Table 1. 
In the case of 811 through B58, the protein Initiated at 
the inserted ATQ codon has the same N-terminal amino 
acid sequence as wad-type prepromsulin. For reasons of 
economy, shorter oligonucleotides were used to obtain 
mutants 8130 through 8147, and the first few amino acids 
of the wild-type protein were not retained. This does not' 
compromise the results that follow because the yield of 
prolnsulin from each mutant was always compared, not to 
the wild-type plasmid, but to a control from the same se- 
ries as the mutant 

lb determine how single base changes around the ini- 
tiator codon affect translational efficiency, the mutant 
plasmlds were transfected into monkey (COS) cells as 
descneed in Experimental Procedures. Two days after 
transfection, the ceHs were Incubated with ^S-cystelne, 
and labeled proteins were extracted, immunoprecipitated, 
and analyzed by pofyacrytamide gel electrophoresis. Be- 
cause the primary translation product undergoes cleav- 
age In these cells, the product that accumulates and was 
measured is profnsuiln. Measurement of cytoplasmic 
RNA levels, as described in Experimental Procedures, re- 
vealed no significant differences among the mutants In a 
given series. Thus, the observed variation In prolnsulin 
synthesis reflects the efficiency with which the mRNA pro- 
duced by each plasmid is translated. 

Effects of Mutating Positions -3 and +4 

The sequences of mutants B31 through B39 are Identi- 
cal except for positions -3 and +4. Single nucleotide 
changes in those positions modulate the yield of promsu- 
Un over a 20-fold range (Figure 2). Comparison of 835, 
B3& and B39 shows that A functions better than G, and 
Q better than T, tn position -a Comparison of 838 with 
B34, or 839 with B33, reveals that G works better thanT 
In position +4. The contributions of positions -3 and +4 



are not simply additive. For example, Q in position +4 en- 
hanced translation about 54o!d with T in position -3 (834 
versus 838), 4-teld with G In position -3 (833 versus 
839), and only 2-told with A in position -3 (831 versus 
835). Similarly, with mutants 831 through B34, where the 
favored nucleotide G occurs in position +4. the effects of 
varying position -3 were less dramatic than in mutants 
that had T tn position +4. The hierarchy tn position -3 
(A > G > T) does not change, but the magnitude of the ef- 
fect obtained upon mutating position -3 depends on how 
favorable the rest of the sequence Is, 

The data In Figure 2 confirm that proinsuHn Is quantita- 
tively recovered in the first round of immunopredpitation. 
The second cyde is not shown in the figures that follow. 

Effects of Mutating Positions -1, -2, -4» and -5 

Mutagenesis was limited to positions -1 and -2 In the 
first experiment. As shown in Rgure a C in both of those 
positions enhanced translation marginally, at best. The 
bracketed lanes in that figure represent duplicate plates 
that were transfected with the same plasmid, establishing 
that the variability of the assay Is <20%. With that in mind, 
It seems safe to draw conclusions about plasmlds that dif- 
fer 2-fold or more In their production of profnsufin; but 
when the increment Is less than 2-fold, as with 841, the 
result cannot be considered more than suggestive. The 
conclusion from Figure 3 is that, if the nucleotides in posi- 
tions -1 and -2 Influence translation at all, their contribu- 
tions are small. 

To pursue the Issue. I constructed the mutants shown 
In Figure 4. The 3-fold decrease in the yield of prolnsulin 
between B137 and B138 confirms that A works better than 
Cln position -a as we already knew. The 3-fold increase 
in prolnsulin between B138 and 8130 provided the first evi- 
dence that C In (some or all of) positions -1, -2, -4, and 
- 5 enhances translation. The effect can also be seen with 
mutants that have A In position -3 (8137 versus 8133), al- 
though the stimulation was only 2-told. (As noted above, 
nonaddWvlty can minimize the effects of some sequence 
changes. Indeed, Introducing C into positions -1, -2, 
-4k and -5 was without measurable effect tn mutants 
that had the optimal A In position -3 plus G in position 
+4[B11 through 821, data not shown].) The mutants stud- 
ied in Figure 4 provide two peripheral insights: C in posi- 
tion -3 apparently (unctions better than T (B138 versus 
B140); and, in mutants that lack A in position -3, the pres- 
ence of A In position -2 or -4 does not compensate. 
Whereas A In position -3 stimulates translation about 10- 
fold (B137 versus 8140), mutants B141 and 8143 translate 
only marginally better than B140, 

Since the stimulatory effect of Cs In positions -1, -2, 
-4, and -5 was more apparent In plasmlds that had C 
rather than A in position -3 (Figure 4), and since T_ 3 
seemed to be even weaker than it seemed that plas- 
mlds with T In position -3 might provide the most sensi- 
tive background for further studies. Accordingly, the mu- 
tants shown in Figure 5 were constructed and analyzed. 
Introducing Cs Into positions -1 and -2 indeed stimu- 
lated translation at least 4-fdld (B145 versus B140). Sur- 
prisingly, however, Cs In positions -4 and -5 did not 
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Rgum 2. Variation In Promsufin Synthesb 
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enhance translation (B146 versus 8140). The yield of 
proJnsunn from B147. where Cs occur in all four positions, 
was no greater than from B14&. 

The 20-told variation in proJnsulin synthesis among mu- 
tants In the B series confirms that sequences flanking the 
ATQ codon modulate transtattonal efficiency, but the B 
mutants do not reveal what happens at a weak ATQ codon. 
The scanning model predicts that some 40S subunfts 
bypass an ATQ codon that occurs In an unfavorable con- 
text, and translation begins farther downstream, lb test 
that prediction, mutants were needed tn which initiation at 
a downstream ATQ codon could be monitored. The F se- 
ries described below meets that requirement 

Effects of Single Base Subetltutlone around 
an Upstream ATG Codon 

The general form of the oligonucleotides that were In* 
sorted to generate mutants In the F series Is shown In Fig- 
ure 1. The position of the second ATQ triplet carried on 
the insert enables It to serve as the initiator codon for 
preprofnsufin, and the sequence around thai ATQ codon 
was not mutated. Rather, point mutations were introduced 
around an upstream, out-of-frame ATQ triplet that was ex- 
pected to function as a "barrierf reducing the number of 
40S ribosomes that reach the preprofnsutin start site For 
this design to work. It was Important that no terminator 
codons occur between the upstream ATQ triplet and the 
preproinsutln start site: euxaryotic ribosomes can reiniti- 
ate at the second ATQ codon when an upstream •mintels- 
trori" terminates prior to the second ATQ codon (see In- 
troduction), and the Inhibitory effect of en upstream ATQ 




Figures. Protnsufln Synthesis by Ptasmlds That Vary In Positions -1 
and -2 

Adjacent lanes enclosed by brackets In this and subsequent figures 
represent ~*S4abeJed proteins from duplicate ptatea that were trans* 
fected wtih the same ptesmkL The fojorograms have been cropped to 
show only the proJnstaln regtoncrtUwv^.wrttchbmflrttedb^ftnemM 
The sequence that to shown tor B41 In positions -a, -4. -S^and +4 
Is common to aH four ptasmtds used tor this experiment. 



banter Is thereby reversed. To preclude reinitiation In the 
F series, the reading frame established by the upstream 
ATQ codon had to extend beyond the preproinsutln start 
site; but the ideal site for termination was hard to deter- 
mine. When the upstream cistron is long, l«. when It over- 
laps the preprolnsuHn coding sequence over a consider- 
able distance, there is Interference (I think at the level of 
elongation) such that the yield of prolnsutln is tow even 
when the upstream ATQ triplet occurs In a weak context 
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WTAffT BU7 B138 B130 BT33 B140 B141 BUS 
(»»«* 



R»ntlv.o.o. 2.1 2.5 0.7 0.7 2.0 1,8 4.1 5.2 <0.2 cQ.2 <0.2 




Row* 4. Expanded Mutagenesis of So- 
Quences Preceding the ATQ Codon 
OetaOa are gtwen fn iho lesend to Floura a 



(Kbzak, 1384c). Since that unexplained Interference de- 
creases as the extern of overlap between the two clstrons 
decreases, It might seem Ideal for the codon that ter- 
minates the upstream cistron to overlap the ATG codon 
that Initiates preprolnsulfn. Unfortunately, that overlap- 
ping configuration stiM allows reinitiation, albeit very Ineffi- 
ciently. The sequence ATGGTAG, which I ultimately chose 
for the F series, allows about 2% reinitiation (based on un- 
published experiments with other mutants), ft was a work- 
able compromise: the potential sources of Interference 
outlined above were sufficiently reduced that I could see 
systematic effects of context on the function of upstream 
ATG codons. 

The mutants listed In Figure 6 were studied to deter* 
mine how single base substitutions around the first ATQ 
codon affect the ability of ribosomes to reach the second, 
where preproJnsulin initiates. F10, which tacks an up- 
stream ATG triplet, Is the control to which ail other F mu- 
tants are compared. In F9, the upstream ATG codon Des 
in a very weak context and, as expected, synthesis of 
proinsulln was only slightly reduced. As the context 
around the upstream ATQ codon improves, it becomes a 
more effective barrier: synthesis of promsulin dropped 
5-fold with FS, F7, and FBL and 10-fold with Fl through F& 
IttentfsurpriringthatFI-wh^ 
sition -3 and G in position. +4 -stBl makes a trace of 
proinsuDn. As shown in experiment 2 in Figure 6, the up- 
stream barrier can be further strengthened by Introducing 
Cs into the flanking positions. Moreover, because the 
structure of the F mutants allows a tow level of reinitiation, 
synthesis of proinsulln cannot be shut off completely. 

Whereas the results obtained wfth the B series allow 
one to conclude only mat an ATG codon in one context 
works better than another the results obtained with the F 
series Justify the interpretation that 40S rfbosomal sub- 
units bypass an ATG codon that lies In a weak context 

Context Effects on Reinitiation 

A 65 bp sequence that carries an ATQ initiator codon, fol- 
lowed after 12 bp by a TAA terminator codon. was Inserted 
at the Hind III site that ties Just upstream of the preprolnsu- 
lln start site In B34> B35, B3ft and B3a Thus, ribosomes 
can make pmprolnsulln only by reinitiating at the second 
ATG codon in mutants B34R B35R, B39R end B38R. 
The yield of proinsulln from those plasmtds varied about 
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84old, as shown in Figure 7. The derivatives showed 
the same strong preference for a purine in position -3, 
and Gin position +4, as was seen with the original B mu- 
tants. The control B37R lacks the second ATG codon and 
makes no proinsulln (Figure 7, bottom lane). This rules out 
the possibility that the proinsulln produced by the other 
"IT derivatives Is actually Initiated at the ATS codon car- 
ried on the Insert (which would require suppression of the 
terminator codon and posttranslatlonal cleavage to re- 
move the N-termlnal amino add extension) rather than by 
reinitiating at the ATG codon that directly precedes the 
preproinsuDn coding sequence. 

Discussion 

The Optimal Sequence for Initiation In Eukaryotes 

From the foregoing mutational analysis, the sequence 
ACCATSG emerges as the most favorable context for mitl- 
atlon. Although I obtained no evidence that Cs In positions 
-4 and -5 are part of the ribosome recognition se- 
quence, there Is a lingering possibility that Cs In those po- 
sitions contribute, but only In a small way, and perhaps 
only when a purine occurs in position -a Inasmuch as 
Cs in those positions are highly conserved. I shall con- 
tinue to show them, In parentheses, as part of the con- 
sensus sequence. 

The validity of these experiments was ensured In 
several ways. In many experiments duplicate plates of 
COS celts were transfected with a given plasmld; the vari- 



Cefl 
268 



EXPERIMENT 1 

MUTANT H F3 F4 F2 F5 F7 F8 F6 F9 F10 




EXPERIMENT 2 

F4 F9 FIO F14 F15 Fll 
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in +1 frame 
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+4GCTAG .C TAT 
Rgur»& Effects of Context on the Efficiency of an Upstream ATT3 Barrier 

Thesequence shown tor Fl In positions -1, -2; ~A, and -5 is common to mutants F1 through FIO* Afl nave an upstream ATS codon, 
the control Fta The ftuorograms have been crapped, and an snow marks the position of protosufin. 



except tor 



atlon between duplicates never exceeded 20%. When too 
rnany plasmids had to be tested simultaneously, I did not 
assay In duplicate because It Is hard to maintain precision 
when handling more than 12 or 14 plates; but subsequent 
repetitions of the experiment gave Identical results. I con- 
sidered one plasrrdd to be translated more efficiently than 
another only when the yield of prolnsutln differed by at 
least 2-fold; often the difference was 5 to 20 told. Every 
position in the consensus sequence has been tested in 
two or more Independent constructs. For example, the 
. combination of Tin positions -3 and +4 was shown to 
be extremely weak in B38 and B140. Adenosine In position 
-3 worked best In B31 , 835, B133, and B137. Comparison 
of B34 with B38, B33 with B39, and B31 with 835 coriflrms 
that G worked best In position +4. Comparison, of B130 
with B138. B133 with 8137. and 8147 with B140 confirms 
that C in some or all of positions -1, -2, -4, and -5 
worked better than T Finally* the results of the F series 
complement the B series: the sequence that gave the 
lowest yield of proinsulin when tasted directly fT-3/T^ In 
B38) allowed the maximum production of proinsulin when 
that sequence was introduced as an upstream "barrier* in 
mutant F9l 

Although the importance of A or Gin position -3 was 
recognized easily and early (Kozak, 1984b). It was more 
difficult to show that other nearby nucleotides are recog- 
nized, because their contributions are not additive. The 
nonaddluviry was an unwelcomed experimental complica- 
tion, but it has a positive aspect In that most natural rlbo- 
some binding sites are buffered: given a purine m position 
-3, a mutation in position -1, -2, -4, or -5 should re- 
duce translation only slightly. Thus.lt Is not surprising that 
mutations in those positions have not been described 
among the genetic diseases that have been studied at the 



molecular level. The dominant effect of position -3 in eu- 
karyotic ribosome binding sites differs from the prokary- 
otic Shine-Oalgamo sequence, within which no single po- 
sition Is more Important than any other. In striking contrast 
with the enhanced translation that occurred when A was 
introduced into position -3, there was little stimulation 
when A occurred In position -2 or -4 (compare B1 40 with 
8143 In Figure 4). Thus, If two separate components on 
the ribosome are responsible tor recognizing the up- 
stream A residue and the ATS codon, respectively, the two 
components must be rigidly oriented. This inflexibility with 
respect to the position of the upstream recognition se- 
quence again differs from prokaryotes, where the dis- 
tance between the Initiator codon and the Shine-Datgamo 
sequence Is permitted to vary over a limited range (Kozak, 
1983a). 

The optimal context for recognition of the ATG codon 
appears to be the same for reinitiation at an internal site 
as for primary initiation at the 5'- proximal ATG codon. Our 
understanding of reinitiation Is admittedly primitive, but a 
likely scenario is that, when an SOS ribosome reaches a 
terminator codon (having Just translated a cistron or 
minlclstron near the 5' end of the mRNA), the 60S subuntt 
detaches white the 40S subunlt remains bound to the 
message and resumes scanning; when the 40S subunlt 
reaches the next ATG codon, It reinitiates translation. An 
alternative mechanism postulates that ribosomes can 
bind directly to the internal site. Evidence against direct 
binding has been adduced previously (Kozak, 1984c). The 
notion of direct binding might have been revived had the 
present study revealed an optimal context for internal Initi- 
ation different from the A-3/G+4 motif that mediates rec- 
ognition of the 5'-praxlmal ATG codon, Since the optimal 
context Is the same tor both processes, however, It seems 
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B34R 
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B35R 
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Start prepro Insulin 
coding sequence 

FiguraZ Stnsto.NuctoatfdeChan9t8lnPo3&kins -Sand +4 Affect 

the Efficiency of Retrtflatton 

tn these -RT derivaitaa, riboaomee Drst Inmate at the Invariant ATO 
codon carried on the Insert terminate at the TAA codon (marked by 
astertste), and then reinitiate K> mjdeottdesdowrtstmern. at the start 
of the preprotnsunn codlno eequence, whkh differ* (see petitions -3 
and +4) unong the four nwtarita tested B37Atu 
scribed In the text *S-Jabeied protelne bom tmnsfected COS cefls 
were analyzed by potyacrytamlda gel electrophoresis. The top of the 
get (not shown) was at the toft. 



likely that reinitiation Involves a replay of the scanning 
process. 

Secondary Structure Does Not Contribute 
to the Observed variation In Translation 
Although secondary structure might differ slightly from 
one B mutant to another, mat is unlikely to have influenced 
the results of this study, in an experiment described etee- 
where (Kozak, 1988). I deliberately created a stable hairpin 
(AG-30kcaf/mol) around the ATS codon In a mutant called 
B13hp; the hairpin did not reduce the yield of proJnsuiln. 
Thus 40S ribosoma! subunits andtor the associated Initia- 
tion factors have an impressive ability to melt duplex struc- 
tures in mRNA. Since the point mutations described 
herein cannot create duplexes anywhere near as stable as 
the hairpin in B13hp, the 20-tofd variation in pro/nsuiin 
yield among members of the B series is best Interpreted 
at the primary sequence level. The secondary structure 
hypothesis is also Inconsistent with the dramatic inhibition 
that occurs upon changing a single nucleotide in position 
-3» compared with the small change In translation when 
several nearby nucleotides are mutated. 

Incorporation ot Context Rules Into 
the Scanning Model 

Our working hypothesis Is that the migration of 40S 
subunits is halted more or less efficiently depending on 
the sequence around the ATG codon. This rationalizes the 
results obtained with the F series, where the strength of 
the upstream ATG "barrier*' varies In the predicted way 
with changes In context Constructs have been described 
previously in which the presence of an upstream ATG 



codon reduces or supplants initiation from the down- 
stream site (Lomedlco and McAndrew, 1982; Smith et a).. 
1983; Krleg et al., 1984) and, In some cases, the efficiency 
of the upstream ATG barrier was shown to be context de- 
pendent (Bandyopadhyay and Temin, 1984; Kozak, 1984c; 
Uu et al., 1984). The rules deduced by manipulating such 
cloned genes apparently hold for natural mRNAs as 
web-spedflcairy for a number of viral mRNAs that have 
the unusual ability to produce two proteins. The first ATG 
codon In such mRNAs is usually in a weak context, thus 
rationalizing the ability of some ribosomes to reach the 
second ATO codon. There are at least ten examples from 
animal virus systems of afunctional mRNAs that fit this 
pattern (Reddy et aJ., 1978; Bos et al. ( 1981; Clerx-van 
Haaster et al., 1982; Giorgi et ai., 1983; Heermann et al, 
1984; Laprevotte et al., 1984; Bellini et ai., 1985; Castle et 
al., 1985; Clarke et al., 1985; Ernst and ShatWn, 1985; 
Parsing et at, 1985; Sarkar et al., 1985). Such mRNAs in 
which there are two prominent Initiation sites are rare. In 
most eukaryotlc mRNAs the 5'-praximaJ ATG codon lies 
In a fairly strong context and ribosomes initiate predom- 
inantly at that site. To make more precise statements, we 
have to recognize that Initiation sites are not simply strong 
or weak; the mutants described herein reveal a gradient 
of strength. The sequence (CCJACCA7GG, ranks highest 
In efficiency: when that sequence occurs near the 5' end 
of a message, no initiation can be detected downstream 
(see Kozak, 1983b; 1984c Jmutants p255/20 and C2); and 
mutant E13 in Kozak, 1986). A sequence such as ATTH7GT, 
on the other hand, is also very efficient If one simply moni- 
tors the yield of protein initiated at that site (B35 in Figure 
2). But In mutant F4, ~10% of the ribosomes bypassed the 
5'-proxJmal ATTA7GT and Initiated at the preproinsufln 
start site downstream. If we now consider the sequences 
of natural eukaryotlc mRNAs, although ^75% have A in 
position -3» only 'v35%heveA^i plus Gm; and less than 
5% have the Ideal (CQACGA7GG sequence. Thus, unless 
other features can compensate for a less than pe rtect con- 
text around the ATG codon, we should expect to findasec- 
ond initiation site functioning (albeit very inefficiently) In 
most eukaryotlc mRNAs. I suspect that compensatory 
mechanisms will be discovered In some mRNAs where 
the coding sequence begins with a weak ATG codon, the 
objective might be not so much to allow ribosomes access 
to 8 second start site, but simply to limit the synthesis of 
a protein that would be harmful H overproduced, tn the 
case of preproricln mRNA, the functional initiator codon 
is flanked by Is In positions -3 and +4, and a strong out- 
come ATG codon flee Just upstream (Lamb et ai., 1985). 
It would be hard to design a less favorable arrangement 
for translation— or a more toxic polypeptide. 

By What Mechanism Do Nucleotides Ranking the 
ATG Codon Exert Their Effect? 
Despite many differences between the prokaryotic and 
eukaryotlc initiation mechanisms, the temptation to 
search 1BS rRNA tor a sequence that could do for eukary- 
otes what the Shlne-OaJgamo sequence in 16S rRNA 
does for prokaryotes is irresistible. Figure 8 shows two 
sites in 1BS rRNA that might pair with the (CQACC se- 
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Rgure a PossfcJe Interaction between mRNA and t8S Hbosomai 
RNA • 

WgMjgroed are No sequences in IBS rftNA that are oompiementary 
to the conserved (CCfJACC motif In euteryoifc mRNA& The G&UQQ 
sequence that extends across the base of the atpnttimsJ hairpin in 
iSSmW was noted prevtously by Sargw^ 
lion between mRNA end rRNA Is shown dose to the P sits, where bW- 
mcr MeMRNA is believed to bind. The entire sequence of rat IBS 
rRNA, from which this segment was redrawn. Is given In Chan et at 



quence In mRNA. Sargan el al. (1982) previously pro- 
posed that a noncontiguous GG/UGG sequence, brought 
together by the conserved hairpin near the & end of 18S 
rRNA. might pair with CCACC In mRNA. Their suggestion 
that the CCACC motif might function Irrespective of Its di^ 
tance from the ATG cocWrrciw seems unKkely, but the site 
that they proposed In 1BS rRNA remains Interesting. The 
sequence ff-GU/GG-S' occurs at the base of another hair- 
pin In the interior of 18S rRNA, just a few nucleotides from 
the position to which peptidyMRNA becomes cross-linked 
when It is bound In the P site (Ehresrnann et al, 1984). 
Initiator MeMRNA also binds in the P site, of course. One 
could elaborate the model by suggesting that the nearby 
sequence ACACCG (bracketed in Rgure 8), by virtue of 
being complementary to the proposed binding site for 



mRNA, might mediate a contormational switch within the 
rRNA that displaces the mRNA. In a similar vein, the re- 
gion of E. coil 163 rRNA that includes the Shine-Oalgamo 
site Is believed to undergo a reanangement that ruptures 
the pairing with mRNA (Yuan et al., 1979). NakashJma et 
al. (1980) showed that eukaryotic mRNAs in 40S or 80S 
Initiation complexes could ba cross-linked by psoralen to 
18S rRNA Although they were specifically looking tor an 
IriteractJon between the 3* and of 18S rRNA and the cap- 
adjacent sequence in mRNA, their data actually fit better 
wtth an interaction between Internal sequences in both 
RNAs. 

The conservation of G In position +4 became evident 
several years ago, when the first few eukaryotic rfbosome 
binolng sites were sequenced. The suggestion (fozak 
and ShatWn, 1997) that AUGG in mRNA might form a 4 
base pair interaction with CCAU in the enticodon loop of 
Initiator MeMRNA has not yet been tested. 

Experimental Procedures 

Construction and Characterization of Mutants In 
the B and F Series 

The parental pJasmld p2S5/ll was dwtvod prwkws^ (toaX. t9S4b) 
from Umedteofe original p255 (Lomedioo and McAntfrew, 1982) by 
dstettng a Bam HI site at the Junction between p8R322 end the tat 
genomic sequence. 0256/11 retains a single Bam Hi ste, 6 bp down 
from the AID Initiator codon (Rgure t). After digesting p256/l1 wtth 
Hind Ul and Bam HI, the targe, Onear tragment— which lacfca only the 
four rttermmal amino adds of the preproWtstdh cooing sequence-, 
was purified by agarose gel etectnjp^resla. Thto fra0merd was used 
aaaJxeptorlnOhUBgasereacttonewto 

fldee, which were purchased from Phannada FM. Biocrmteala. Each 
of the c^ucteoJJdes listed h Table 1 was annealed with another 
ofigortucteotfde that was perOy complementary, resulting In duplex 
structures with slngi»etranded tsnnfrt compJememaryto the HW II! 
and Bam HI ends of to acceptor DMA. This b ftustraled In Rgure 1 
In preparation for ligation, the cOgoRuaaMn^pmmMttJi 
were not phosptayytatad The DNA ngase reaction typicaDy contained 
1 Kg of Dneartted acceptor ONA and 02 Aa* units of oligonucleotide 
In 25 & The rnbcture was Incubated et ie°C tor 20 hr. healed for 10 mln 
at6WtolnactrvHl8theertzyme,a^ 

as described previously (Kozak, 1983b). TJNA from ampteafirKBSbiant 
coteries was screened tor the dashed mutafion by direct sequencing 
of ptasrrtld ONA extracted rapkfly from 10 rrt cultures (Kazak, ^983b); 
the sequences were confirmed at a step us^rjure DNA. For se- 
quence analysis. ONA was labeled with *j$*CTP at the Ode I site 
that lies In the SvMO portion of the leader (Rgure \ In Kodak, i9S4b), 
recut wfth Eco RJ, and subjected to crrernicdcle8^s(MaxamandQrV 
ben. 1980). 

Construction of ftebilUatlen Derivatives 
Severe! ctasmkis were constructed In which the ability to make proln. 
cutm depends on reinitiating downstream from a terminator codon. 
TheupsuettmTnWdstrorf Oa, a fmgrnem that certains an AT3 1 nltla- 
to codon feOowed shortly by an tn-phaae terminator codon) was car- 
rled on a Wnd m fragment from p255/21, which has been described 
previously (Koak, 1984c). DNA from mutants B34, B35, B37 (a con* 
trof), B3a end B3S was Ineerized by digesting wtth Hind Ifl, treated 
wtth alJtatirwpnosphatase, and the small 1S4 bp Hind 01 fragrneni front 
p255»1 was then Inserted. This fragment includes a 119 bp intron; 
thus, the Insert In mature mRNA ts 65 nucleotides. The structures of 
the resulting *RT oerivatives are shown In Rgure 7. The number and 
orientation of Inserts was determined by analysis with appropriate n> 
strtctlon enzymes. 

Analysis of Proteins and RNA from Irensteeted COS Cells 
COS-1 cells (Qtuzman, 1881) In 80 mm plates were transfectedone day 
after plating, when the monoiayers were about 75% cortftuent Each 
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plate was transfected with OS mi of calcium phosphate mixture (Wigtef 
el al., 1978) containing 20 nfl of purified ptasrnIdONAand40fi0of calf 
thymus carrier OhlA. Other details of the procedure wem m Described 
pjevtousfy (Kozak, 1983b). Forty-dghi hours after transfedJon, the 
cefts were rinsed twice with cyttelne-free medium and Incubated tor 
4 hr with 1 mi of medium containing 025 mG d 35 S-cystelne (New En- 
gland Nuclear). The ceils were scraped with a rubber poOceman Into 
phosphate-buffered salts, and were (hen fysed with 09% NP40 and 
0.4% ctoyehdala. A 200 pi aDquot of the cytoplasmic extract, 
representing about 4 x tO^caOs, was Incubated at 4«C tor 20hrwfth 
3 ^ of antiserum against bovine Insulin (Miles). The hnmunoprecipi- 
tstee were, recovered using Pansorbtn (CeJbiochem) and were ana- 
lyzed by electrophoresis In pdyacrytamlda gets containing urea and 
SDS, as described (Kazak, 1983b). The gels were Impregnated with 
Enhance (New England Nuclear), dried, and placed In contact wHh 
XAR4 film tor 2 to 20 days at -7CPC The data were quantified by den- 
sltometrtc scanning of the fitma. 

Cytoplasmic RNA levels were analyzed by dot blot hybridizations 
using a K P4abeted riboprobe. The probe was obtained by ctonbg the 
190 bp Bam W-€co RJ fragment, which represents two-thirds of the 
coding sequence for rat prepfotnsutto. Into the pdyflnfcar region of 
pSP6& The construct was nneartzed with Bam HI and transcribed with 
SP6 polymerase (New England BtoUbs). according to Melton at al 
(1984). The size of the transcript was checked by etectrophorasts on 
8% pdyacrylamlde gets containing 6 M urea. Cytoplasmic RNA from 
48 rtr transfected COS ceils was extracted wfih phend, serially dButed, 
and bound to Gene Screen fitters {New England Nuclear). Prehybrtd- 
izatton and hybridization were carried cut using the oonoltlofis recom- 
mended by Melton et al. (1984). 
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Inoculation of plasmids expressing the 
dengue-2 envelope gene elicit 1 
neutralizing antibodies in mice 

Tadeusz Kochel*J. Shuenn-Jue Wu*, Kanakatte Raviprakash*, 
Peter Hobartt, Stephen Hoffman*, Kevin Porter* and Curtis Hayes* 

To develop a nucleic acid vaccine against dengue type-2 virus, the PreM and 92% of the 
envelope (E) genes were cloned into different eukaryotic plasmid expression vectors 
(pkCMVintPolvli and pVR1012). The resultant plasmid constructs (pD2ME and 
PIOHD^ME) properly expressed the truncated E protein in vitro as evidenced by the 
expected protein size on SDS-PAGE and the ability of the protein to be recognized by 
~mbnocldmrdffimo7ltes-dinae 
mice were given intradermal inoculations of each construct. Plasmid expression vectors 
without dengue genes were used as controls. One hundred percent of the mice that received 
the pD2ME and plO!2D2ME constructs developed anti-dengue antibodies. Tliese anti- 
bodies were shown to neutralize dengue type-2 virus in vitro. This is the first demonstra- 
tion of the use of nucleic acid inoculation in the development of potential dengue virus 
vaccines. ■£> 1997 Published by Elsevier Science Ltd. - 

Keywords: dengueO virus: nucleic acid vaccine: neutralizing antibodies 




Dengue (Den) viruses belong to the flavivirus genus of 
the family Flaviviridae. and consist of four antigenically 
different serotypes. Den 1-4 1 . The viral genome is 
composed of a single strand of positive sense RNA 
that codes for three structural and seven nonstructural 
proteins 2 . 

Dengue viruses are transmitted primarily by the mos- 
quito. Aedes aegypti. and are a major cause of morbidity 
and mortality throughout tropical and subtropical re- 



gions wo rldwide^. Annually, it is estimated that there are — 
over 100 million cases of Den fever 4 . Human Den 
illnesses range from an acute undifferentiated fever to 
hemorrhagic fever and shock. A primary infection usu- 
ally causes Den fever. The illness is generally mild and 
the person apparently acquires a life-long inununity 
against the serotype of Den virus causing the infection. 
If a person acquires a second Den infection with a 
different serotype, the illness is more likely to be severe 
and lead to hemorrhagic fever or shock syndrome. The 
increased severity of the secondary infection is believed 
to be caused by an immune enhancement phenomenon . 

Although considerable research has been directed 
towards the development of a safe, effective Den vaccine 
over the past 50 years, no approved product is presently 
available. Early studies on the use of inactivated Den 
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viruses as vaccines reported that the inactivation process 
resulted in partial loss of immunogenicity 5 . More recent 
studies with recombinant protein vaccines have gener- 
ally been disappointing because of the low levels of 
neutralizing antibody induced or the lack of protection 
from subsequent live virus challenge in the subhuman 
primate model 6,7 . A number of human trials have been 
conducted with live Den virus vaccines. Early trials 
using Den viruses attenuated by serial cerebral passage 
in rsr paggagg in chick embryos wer e encouraging. 



but concerns about the presence of brain tissue and 
increased neurovtrulence led to abandonment of this 
approach 5 . Most recently, groups have tried serial pas- 
sage in primary dog kidney cell cultures to select live- 
attenuated Den viruses with mixed success. Some 
attenuated vaccine candidates yield high levels of pro- 
tective immunity, but the presence of clinical complica- 
tions has made them undesirable for use 89 . Another 
group 10 , has used this approach to obtain an attenuated 
vaccine which exhibits protective immunity and only 
minimal clinical symptoms. 

We have taken the newly developed nucleic acid 
vaccination approach to produce a Den virus vaccine 
candidate. This approach has recently been successfully 
demonstrated in animal models for other infectious 
agents including malaria 11 , HIV 12 , influenza 13 and hepa- 
titis C u . Nucleic acid vaccines posses many of the 
advantages of live-attenuated vaccines without the con- 
cern of inducing clinical illness by the vaccine itself. 
Since the viral proteins are translated and processed 
within the host cells, proper conformation of B cell 
epitopes on secreted proteins and induction of class I 
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MHC-de pendent immune responses should occur 
appropriately. The humoral and cellular immune re- 
sponses elicited by DNA immunization appear to be 
long lasting 15 . In this article, we describe the first report 
of the use of nucleic acid vaccine technology to develop 
a DNA plasmid construct that elicits anti-Den neutral* 
izing antibodies in a mouse model. 



MATERIALS AND METHODS 

Preparation of plasmid DNA constructs 

The plasmid pKT2.4 was kindly provided by Dr R. 
Putnak. Walter Reed Army Institute of Research. 
Washington. DC. This plasmid contains the capsid (C), 
pre-membrane ( Pre M >. and envelope ( E) genes of 
dengue-2 (Den-2). New Guinea C strain. The Den-2 
sequences, spanning bases 1-2249 (including C t PreM 
and 92% of E). were retrieved from this plasmid by 
EcoRl digestion and polished with PFU polymerase 
(Statagene Cloning Systems. La Jolla. CA). The pol- 
ished restriction fragment was then digested with Sal 1 
and cloned into the Sal 1/EcoR V sites of pkCMVint- 
Polyli (Vical Inc.. San Diego. CA). This resultant plas- 
mid is pCME. To remove C sequences. pCME was 
digested with Pst 1, gel purified and re-ligated. The Pst 1 
digestion removes sequences from the multiple cloning 
site to Den-2 base 327. The resultant plasmid is pD2ME 
and contains the PreM signal sequence. PreM and 92% 
E (bases 327-2249). To confirm the presence of Den 
genes. pD2M E was sequenced on an ABI 377 automated 
DNA sequencer using primers P2 (5'-CATTGGA 
TTTTGAACTGA). P4 (5-GTCACGATGGAGTG 
CTCT). P5 (5-CGATGTTGTTGTTTTGGGAT), P9 
( 5-CCTCTATACAGTACTTCCTTAG AGTGGC), 
TK1 (5 -GGTAACTCCCGTTGCGGTTCTG), TK4 
( 5-CATGG A AGCCATCACAGACGGC). 

To construct pI012D2ME. the Den-2 PreM signal 
sequence. PreM/92% E fragment in pD2ME was re- 
moved by Pst l/Bgl II digestion and ligated into the 
multiple cloning site of the expression vector pVR1012 
(Vical Inc.. San Diego, CA). To produce sufficient 
quantities, all plasmids were transformed into Es- 
cherichia coli DH5 cells, grown in the presence of 
kanamycin and purified by alkaline lysis 16 . Following 
alkaline lysis, the plasmids were double CsCl-ethidium 
bromide gradient purified* 6 , resuspended in phosphate 
buffered saline (PBS) and stored at -20*C until used. 



in vitro analysis of constructs 

The expression of Den-2 virus envelope protein by 
pD2ME was determined in 293 cells (American Type 
Culture Collection. Rockville. MD) by immune precipi- 
tation. The cells were grown to 25% confluence in 60 mm 
dishes, and were calcium phosphate transfected with 15 
ME of plasmid DNA IA . The cells were maintained in 
DMEM with 10% fetal calf serum. Pen/Strep at 3TC in 
5% CO : . The media was changed 12 h post-transfection. 
Thirty-six hours post-transfection. the cells were washed 
with PBS and incubated with 50 pCi [^methionine 
(1000 Ci mmor 1 , ICN) in 2 ml methionine-deficienl 
media for 12 h. The media and the cells were then 
subject to immunoprecipitation using Den-2 hyperim- 
mune ascitic fluid (HIAF) (American Type Culture 
Collection. Rockville, MD) and monoclonal antibodies 



I et al. 

4G2 and 3H5 |: . Prior to immunoprecipitation. the 
media was removed and the cells were scraped off the 
plates and lysed in I ml R1PA buffer (0.05 M Tris-HCI. 
pH 7.5: 0.15 M NaCl; 1% NP-40: 0.5% Deoxycholate: 
0.1% SDS). For the immunoprecipitations. 2 ml media 
or 300 fi\ cell lysate was mixed with 5 ,ul antisera and 
25, ul protein G sepharose (BRL) and incubated at 4*C 
for I h. The precipitates were collected, washed twice 
with PBS. resuspended in Laemmli buffer (0.015 M 
Tris-HCl, pH 6.8: 0.1 M DTT: 2% SDS: 0.1% 
Bromophenol Blue: 10% glycerol), boiled for 10 min 
followed by 10",;. SDS-PAGE"'. The gel was then fixed 
for one h with 10% acetic acid. 25% methanol at 25*C. 
dried and developed by autoradiography. 

The expression of both pD2ME and pl012D2ME 
were evaluated by immunoflourescence assay (I FA), to 
accomplish this, the plasmids were transfected as above. 
Forty-eight hours post-transfection the media was re- 
moved from the cells. 1 ml PBS was added and the cells 
were scraped off the plates. The cells were washed twice 
with PBS and resuspended in I ml PBS. Ten microliter 
aliquots were spotted onto slides, air dried and fixed 
with acetone. I FA was then performed as previously 
described '* using Den-2 HIAF and monoclonal anti- 
bodies 3H5 and 4G2. The fluorescence was then rated by 
three different observers. 



Mice and DNA injections 

Three- week -old Balb/c mice (Jackson Labs. Bar 
Harbor. ME) were inoculated intradermal^ with 200 «g 
of plasmid DNA in 50 /A of PBS. Injections were given 
in the tail, ca 2 cm from the base as previously de- 
scribed 1 *\ The mice were primed on day 0 and boosted 
on days 9. 22. and 57. Prior to boosting, blood samples 
were obtained by the periorbital route. Blood samples, 
were also obtained. 35 and 87 days after the last boost. 
Sera from these samples were stored at - 70*C until 
used. Following each injection the mice were maintained 
in American Association for Laboratory Animal Care- 
approved quarters under pathogen-free conditions. 

Den-2 virus challenge of mice 

In a parallel study, a second group of mice immunized 
with the DNA plasmids were challenged with Den-2 
virus as described previously 20 . Briefly, three-week-old 
Balb/c mice were primed intradermally with 200 j/g plas- 
mid DNA and boosted with 200 /ig DNA 9 days later. At 
6 weeks of age the mice were challenged. Challenge virus 
was prepared from a Den-2 (New Guinea C) infected 
suckling mouse brain. Mice received 100 mouse 50V.. 
lethal doses of Den-2 intracranially. The mice were then 
monitored for signs of encephalitis and death. 

Detection of mouse anti-Den antibody 

Sera were assayed for anti-Den antibodies by enzyme- 
linked .immunosorbent assay (ELISA)- 1 . Briefly. Den-2 
infected and uninfected Vero cell culture lysates 
were coated onto 96-well microliter plates. The serum 
samples were diluted 1:25 or 1:100 in serum dilution 
buffer (5% skim milk and 0.1% Tween-20 in PBS), and 
added in duplicate to the Den-2 antigen coated and 
uninfected antigen coated plates. After I h incubation at 
37*C, the plates were washed with PBS and horse radish 
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Figure 1 immune-precipitations ol pkCMVintPolyli and pD2ME transfected cells: (A) immune precipitation of media tram transfected cells; and 
(B) immune precipitation ol cell lysates. DNA transfected: pkCMVintPolyli (Lanes At. 81 , 3, and 5); pD2ME (Uanes: A2. B2. 4. and 6). Anti-sera: 
HiAF (lanes: A 1,2. Bi and 2): 4G2 (lanes: 83 and 4): 3H5 (lanes: B&and 6). E-*. migration position of truncated E. Molecular weight markers 
are indicated to the left ol the figure 



peroxidase conjugated goal anti-mouse IgG. IgM and 
IgA (Kirkeeaard and Perry Laboratories, Gaithersburg, 
MD) was added to each well to detect bound mouse 
anti-Den antibody. The wells were washed and a chromo- 
genic substrate ( ABTS) was added and allowed to incu- 
bate tor 30 min at 37°C Plates were then read at 410 nm. 
Adjusted optical density (O.D.) values were calculated by 



vectors. pkCMVintPolyli and pVR10l2.The resultant 
plasmid constructs are pD2ME and p!012D2ME. re- 
spectively. Sequence analysis reveled that compared to 
the published Den-2 New Guinea C sequ5nce : \ pD2ME 
contains two point mutations and sequences at the 3' 
end which code for seven non Den-2 amino acids. The 
first point mutation is a G to A at base 532 and the 
T^nt* ; t i ^ tr> a at h^> 7?*m Th<> first mutation 



subtracting the (J.D. of the Uttirt l Vl ' ied ai it igui -coated well 
from the corresponding viral antigen-coated well. The 
cutoff O.D. value for determining antibody positivity was 
calculated as the mean adjusted O.D. of the negative 
control sera plus 3 standard deviations (S.D.). 

Virus plaque reduction neutralization test (PR NT) 

Den-2 New Guinea C virus was propagated in Vero 
cells, aliquoted and stored as working stock at — 80"C 
until used. The titer of the virus stock was 2 * I0 6 p.f.u. 
ml "'. determined by plaque titration assay in LLC-MK 2 
cells". Mouse sera were assayed for Den-2 virus neutral- 
izing antibody in a PRNT as previously described 1 . 
Percent plaque reduction was calculated for each dilu- 
tion of test sera using p.f.u. obtained from normal mouse 
sera at the same dilution as the baseline count. The 50% 
PRNT titers were determined by probit analysis. 



RESULTS 

in vitro analysis of constructs 

The PreM and 92% of E genes of Den-2 New Guinea 
C strain were cloned into two eukaryotic expression 



changes amino acid 68 of PreM from arginine to lysine 
and the second changes amino acid 454 of E from 
threonine to asparagine. Translation of pD2ME tran- 
scripts is expected to begin at codon 103 of Den-2 (base 
330). which is the signal sequence for PreM, and proceed 
through amino acid 462 of E. Following amino acid 462 
are the seven nonDen-2 amino acids (methionine, 
glutamic acid, leucine, serine, arginine, proline, and 
leucine) and a termination codon. 

To determine if the constructs properly express the 
Den-2 E gene, 293 cells were transiently transfected with 
pkCMVintPolyli and pD2ME and analyzed by immune 
precipitation. The autoradiogram of the SDS-PAGE 
immune-precipitates shows that Den-2 polyclonal HIAF 
precipitates a protein of the expected size of truncated E 
from media of cells transfected with pD2ME {Figure /A. 
lane 2), but not from the media of cells transfected with 
pkCMVintPolyli (lane I). Cell lysates of pD2ME trans- 
fected cells were immune-precipitated with polyclonal 
Den-2 HIAF {Figure /B, lane 2) and two monoclonal 
antibody mouse ascitic fluids that recognize conforma- 
tional epitopes on the dengue virus envelope. 4G2 (lane 
4) and 3H5 (lane 6). The ability of the monoclonal 
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Table 1 IFA ol transfected ONA piasmids* 



Oen-2 HIAF 



4G2 



3H5 



pkCMVintPotyli 
P VR1012 
p02ME 
plO»202MG 



IFA of transfected cells. ONAs transfected and the antisera used 
are listed. The slides were rated on a fluorescence scale ol - 
(negative) to 4* (four positive) 



o 5 U 




o plot: 
o pii»i2o:mk 

_ * pkCMVintPoUli 

\ 



V2 



134 



Figure 2 AntiDen-2 antibodies by ELISA. Mean EUSA O.O. 
values vs days post-ONA inoculation is shown-. Each point repre- 
sents the mean O.O. plus or minus the standard error at the 
indicated days post- inoculation 



antibodies to recognize the truncated E protein suggests 
that the protein is folding normally. None of the anti- 
body preparations recognized a protein of the size of 
truncated E from cell lysates of cells transfected with 
pkCMVintPoIyii {Figure IB. lanes I. 3. and 5). 

IFA was performed on cells transfected with pkCM- 
VintPolyli. pVR10!2. pD2ME. and pl0l2D2ME. 
Mouse polyclonal HIAF and the two monoclonal anti- 
bodies. 4G2 and 3H5. reacted with cells transfected with 
pD2ME and pl0l2D2ME {Table J). The intensity of 
fluorescence was consistently greater for cells transfected 
with plOI2D2ME. which suggests that this construct 
produces a greater amount of truncated E than pD2ME. 
No fluorescence was detected with cells transfected with 
pkCMVintPoIyii or pVRI012. 

Mouse immunization and detection of anti-Den 
antibodies 

Groups of ten. 3-week-old Balb/c mice were intrader- 
mal^' inoculated with 200 jig of pkCMVintPoIyii. 
pVR!OI2. pD2ME. or piOI2D2ME. The mice received 
three boosts and blood samples were tested for Den 
antibodies as described in the Materials and Methods 
section. The dilutions used in the ELISA were 1:25 for 
sera obtained after the first and second boosts and 1:100 
for sera obtained after the third boost. No Den anti- 
bodies were detected following the initial dose of either 
vaccine candidate; however, after the second DNA 
boost, nine of ten mice that received pD2ME and ten of 
ten mice that received pl012D2ME had detectable 
Den-2 antibodies in the ELISA (Figure 2). After the 
third DNA boost, all mice that received pD2ME or 



Table 2 Neutralizing antibody titers in mice immunized with dna 
plasmids* 

PRNTso 



Animal No. 


P1012O2ME 


pD2ME 


1 


320 


40 


2 


80 


40 


3 


160 


20 


4 


80 


80 


5 


320 


40 


6 


320 


80 


7 


10 


80 


8 


20 


40 


9 


320 


20 


10 


320 


40 



^Results expressed as the reciprocal dilution of tne PRNT^q titer 

plOI2D2ME were positive by ELISA for Den-2 anti- 
bodies. The plOI2D2ME inoculated mice were again 
assayed for Den-2 antibodies on day 154. The ELISA 
O.D. values continued to increase. The mice that re- 
ceived pkCMVintPoIyii or pVRI012 produced no Den-2 
antibodies. 

Sera from mice obtained 35 days after the third boost 
with plOI2D2ME or pD2ME were tested for Den-2 
virus neutralization activity by PRNT. As controls, sera 
from pVR1012 and pkCMVintPoIyii inoculated mice 
were also tested. The Den-2 PRNT 51) in the sera of mice 
inoculated with p!012D2ME ranged from 1:10 to 1:320 
(median 240) ( Table 2). The neutralizing titers in the sera 
of mice inoculated with pD2ME ranged from 1:20 to 
1:80 (median 40). Sera from pVR!012 and pkCMVint- 
PoIyii inoculated mice contained no virus neutralizing 
activity. 

Den-2 challenge of vaccinated mice 

Groups of 6-week-old mice that had received on* 
boost of pVRI012 or pl012D2ME were challenged witl 
a lethal dose of Den-2 New Guinea C virus. No signifi 
cant protection was afforded the mice inoculated witl 
P 1012D2ME. 

DISCUSSION 

This is the first report of DNA immunization of mic 
using Den genes. Our vaccine constructs. pD2ME an 
pl012D2ME. contained the preM gene and 92% of th 
E gene from Den-2 virus. The E gene was chosen fc 
inclusion in the DNA vaccine construct because mow 
clonal antibody mapping and recombinant protei 
immunization studies with flavi viruses have shown th; 
it contains the major epitopes responsible for elicitir 
neutralizing antibodies : . This gene was truncated at tl 
carboxy terminus to remove the hydrophobic membrat 
anchor segment in order to maximize the secretion of 
protein. The preM gene also was included because tl 
preM protein is thought to prevent low pH-indua 
irreversible conformational changes in the E protein as 
is processed through the acidic. compartments of ti 
Golgi complex prior to secretion' 4 . 

The pD2ME and plOI2D2ME constructs were d 
rived from the plasmids pkCMVintPoIyii and pVRlOl 
respectively. The pVRI012 plasmid differs from pkCf* 
VintPolyli by deletion of the SV-40 origin of replicati< 
and the replacement of the SV-40 polyadenylation s 
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with a bovine erowth hormone polyadenylation site. 
•The plOPDZME construct showed a higher level of in 
vnro expression by I FA compared to the pD2ME con- 
struct In vivo, the p!012D2ME construct was also more 
immunouenic than the pD2ME construct. The mean 
O D value and the median neutralizing anttbody titer 
were twofold and sixfold higher, respectively, for sera 
from mice immunized with the plO!2D2ME construct 
compared to sera from the pD2ME immunized animals. 
These data indicate that deleting the SV-40 origin of 
replication and SV-40 polyadenylation site from the 
plasmid backbone enhanced the expression and immu- 
nouenicity of the cloned Den-2 PreM and 92% E genes; 
however, the contribution of each of these plasmid 
chances to the enhanced expression cannot be deter- 
mined from our data. The mean O.D. values for sera 
from mice immunized with p!OI2D2ME have not lev- 
eled oir by day 92. but continued to increase linearly out 
to day 154. Possibly, this may be due to continued 
expression of antigen which has been seen in other 
nucleic acid inoculation systems'*. 

The — E — pmtein._exrKessed_ from pDIME and 

plCM2D2ME reacted with monoclonal antibodies -3H5_ 
and 4G2. The 3H5 monoclonal antibody is directed 
acainst a Den-2 serotype-specific epitope and the 4G2 
auuinst a flavivirus group-specific epitope on the E 
protein. Both epitopes are conformation dependent. 
Immunoreuciivity with these antibodies indicates that 
the same epitopes on the expressed E are similar to the 
epitopes on the native E of Den-2. The additional seven 
nonDen amino acids and the conserved point mutations 
in the E uene on pD2ME and pl012D2ME appeared to 
have no" significant effect on the antigenicity of the 
construct. . . 

A total of four DNA injections were administered to 
the mice followmiz boosting intervals similar to those 
used for other DNA vaccines 25 ;s . The need for multiple 
boosts is not clear, since a single injection has been 
shown to elicit lone term immune responses"'. Currently 
other doses and boosting regimens are being explored. 
Challenge experiments conducted in parallel using the 



"PNft rnn nnirl', nil 1 11 ynt^t a g ainst lethal 

Den-2 virus challenge. In this challenge rnoael, mice are 
immunized beginning at 3 weeks of age and challenged 
at 6 weeks of age by giving intracranial injections of 
lethal amounts of the virus. Mice older than 6 weeks of 
ace are less susceptible to Den virus infection - . This 
model has proven to be suitable for evaluating the 
protective efficacy of live virus and recombinant vaccine 
candidates Mb ; ' capable of eliciting anti-Den immune 
responses bv 6 weeks of aee. Antibody responses gener- 
ated by pD2ME and plOI2D2ME were absent at 6 
weeks and were not detectable until the mice were 
ll-weeks-old. This provides a clear explanation for the 
failure of the DNA constructs to protect against lethal 
Den-2 challenge. In a suitable model, the high Den-2 
neutralizing antibody titers obtained by the DNA vac- 
cines should confer protection since immunization 
studies with live and inactivated Den-2 virus have con- 
ferred protection in the mouse model at even lower 
neutralizing antibody levels 14 . Also, studies with other 
rlaviviruses using vaccinia recombinant preM-E con- 
structs have elicited similar levels of neutralizing anti- 
bodv and conferred solid protection in mice against 
homologous live virus challenge"** 07 . Presently, 
studies are being conducted to evaluate the protective 



efficacy of p!012D2ME Den antibodies in a murine 
passive transfer model. 

The results presented in this report demonstrate the 
ability of plOl 2D2ME and pD2ME to elicit neutralizing 
antibody responses in mice and are considered Den-2 
vaccine candidates, which warrant further study. We are 
presently testing similar constructs, expressing genes 
from the other dengue virus serotypes, in the hopes ol 
developing a tetravalent dengue virus vaccine. 
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Immunity to St. Louis encephalitis virus 
by sequential immunization with 
recombinant vaccinia and baculovirus 
derived PrM/E proteins 

K. VenugopaI*1\ W.R. Jiang* and E.A. Gould* 

St. Louis encephalitis (SLE) is an important mosquito-borne disease of great public 
health concern in parts of (he United States. South America and Canada. Protective 
immunogens of f/avi viruses produced in different expression systems have been shown to 
be^efl^aiyejjgainst virulent virus infection in laboratory animal models. Here we show- 
that the pre-menibrane anirenTetope^-PrM/-E-}-of^L^ and 
mammalian cell systems using baculovirus and vaccinia virus, respectively, are procelsell ~~ 
correctly and show ed similar antigenic characteristics as the authentic proteins. Immuniz- 
ation w ith die recombinant proteins individually or in combination resulted in neutralizing 
and protective immune responses. A schedule consisting of initial immunization with 
recombinant vaccinia virus followed by a secondary boost with recombinant baculovirus 
protein resulted in higher levels of neutralizing and protective immune responses. The 
advantages oj the use of such a combined approach as a general immunization strategy are 
discussed. 

Keywords: Rtvoiuhiiuini taix-uiu. St. l_oui> cikrcpruliiiN virus: Pr.YI/F; protein: haculovinis/v;iccinia virus 



St. Louis encephalitis (SLE) is an important mosquito- 
borne virus disease affecting humans in the United 
States. South America and Canada. Since its first recog- 
nition, nearly 60 years ago. it has been responsible for at 
•"Iuj.u 10 000 iiK.iu-mH nnmf>r MI |ft ^*».- uhs. fn addition to 
sporadic cases of SLE occurring each year, there have 
also been large suburban and urban epidemics involving 
thousands of cases that appear to occur in 7-10 year 
cycles. It is believed that infected migrating birds spread 
the virus across America and into Canada 1 . However, in 
general. SLE virus does not produce large-scale wide- 
spread epidemics and therefore vaccine development has 
not been a priority in the past. 

An inactivated mouse brain-derived vaccine prepared 
shortly after the second world war using the Webster 
strain of SLE virus was shown to be relatively effective 
in protecting humans against this disease". With recent 
ad vances in biotechnology, it is now possible to avoid 
the potential problems associated with mouse brain 
tissues by utilizing recombinant DNA technology to 
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design potential vaccines against a number of flavivirus 
diseases*. However, strategies are required to ensure 
effective humoral and T-cell immune responses against 
the virus. Recombinant live virus vaccines offer some 
advantages over either inactivated virus or expressed 

"piaiein i Hnpf* th^ir m"| f ' Plication results in 

sustained expression of the gene product in vivo ana - 
presentation to the immune system, in a manner more 
closely simulating natural infection. 

Vaccinia virus ( VV) represents an attractive vector for 
flavivirus vaccine development 4 \ However, one poten- 
tial drawback to the general use of recombinant vaccinia 
is that pre-existing immunity to VV might limit its 
replication and therefore interfere with the immune 
response to the recombinant antigen*- 7 . Flavivirus pro- 
teins can be produced in large quantities using recombi- 
nant baculovirus expression systems 1 * and they provide 
an alternative immunogen which is not dependent on 
replication in the host. Immunization with such proteins 
has been shown to be safe and effective against many 
tlaviviruses'. In an attempt to combine the advantages 
of each of these vaccine preparations in inducing protec- 
tion against SLE virus, we conducted a study to deter- 
mine if a sequential immunization approach consisting 
of priming with recombinant VV expressing prM/E 
proteins and boosting with a similar protein derived 
from baculoviruses will stimulate a more effective 
protective response to SLE virus. 
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MATERIALS AND METHODS 

Cells and viruses 

CV-1 TK~ and CVI TK* cells (American type culture 
collection) were grown in Dulbeccos modified Eagles 
medium with 5% foetal calf serum (FCS) at 37*C in~5% 
CO : . Spodopiera frugiperda iS/9) cells were cultured at 
28*C in TC 100 medium (Gibco) containing 5% FCS and 
100 U ml' 1 kanamycin. The MSI-7 strain of SLE virus 10 , 
the WR strain of wild-type VV and the genetically 
modi fed strain of baculovirus 11 were used. 



Cloning of the PrM/E gene and construction of 
recombinant transfer vectors 

SLE virus RNA was extracted from infected suckling 
mouse brain preparations using standard methods 1 
First strand cDNA was synthesised usinc antisense 
primer 5'ACGGGATCCCTAGCTAATTGCACATC 
C3' (complementary to the SLE virus sequence nucleo- 
tide position 2441-2460) using Superscript reverse tran- 
scriptase (BRL). The polymerase chain reaction (PCR) 
was used (30 cycles: 1.5 min at 94 9 C I min at 50°C and 
2 min at 72"C) to amplify the genome segment from the 
signal sequence of the PrM protein to the C-terminus of 
the E glycoprotein using the antisense primer described 
above and a sense primer 5 r CT AGGATCCATA 
ACATGGGGCC-AGCAAGAAG3' (derived from the 
SLE virus sequence nucleotide positions 372-404). The 
PCR product was purified from agarose gels and cloned 
into pGEM-T vector (Promega). The BamH\ fragment 
from the cDNA clone was ligated to the BomHX site of 
pAcYMI baculovirus transfer vector 13 and Bgfil site of 
VV transfer vector pSCIl 14 . The recombinant vectors 
were checked for the correct transcriptional orientation 
by restriction mapping and sequencing across the 
BamHX junctions using oligonucleotide primers derived 
from the vector sequences. 



Generation of recombinant baculovirus and VV 

Transection and selection of recombinant baculovi- 
ruses were performed as previously described 13 using 
wild-type baculovirus DNA linearised with Bsu36\ %% . 
Plaque-purified recombinant baculovirus stocks with 
infectivity litres of I0 7 -I0 s p.f.u. ml' 1 were used in all 
subsequent experiments. Recombinant VV expressing 
SLE virus proteins were selected using methods previ- 
ously described**. Recombinant virus was plaque purified 
3 times in selective growth medium before generation of 
a high titre virus stock (10 7 -I0* p.f.u. ml ') which was 
used in all subsequent experiments. A monoclonal anti- 
body (MAb 813) which is broadly cross- reactive against 
the E protein of flaviviruses' 5 was used in indirect 
immunofluorescence (IF) tests for the initial screening 
and selection of recombinant viruses. 



SDS-PAGE and inimunoblotting of recombinant protein 

Recombinant baculovirus protein for electrophoresis 
was prepared by infecting 5/9 cells with baculovirus 
(m.o.i. 10) and the cells, harvested 48 h post-in feet ion 
(p.i.), were washed once in cold PBS (pH 7.2) and lysed 
in TNN buffer (10 mM Tris-HCI pH 7.4. 0.5% Nonidet 
P-40 (NP-40) and 100 mM NaCI). Similar methods were 
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followed 12 h post-infection, for preparing infected 
CV-I cell lysates for the recombinant VV protein. The 
proteins were resolved on 10% SDS-polyacryiamide 
gels 1 " and were transferred onto nitrocellulose mem- 
branes using the semi-dry technique. The membranes 
were blocked for 30 min in PBS supplemented with 5% 
non-fat milk and 0.05% Tween 20 and incubated for 2 h 
at room temperature (RT) in a 1:500 dilution of rabbit 
anti-SLE hyperimmune serum. After repeated washing 
in PBS-Tween 20. the membranes were incubated for 
I h at RT with 1:3000 dilution of peroxidase-conjugated 
anti-rabbit IgG <BRL). The unbound antibodies were 
removed by repeated washings and the recombinant 
proteins were revealed by reacting with 0.05% DAB 
(Sigma) solution containing 1% H : 0 2 . 



Radiolabelling and analysis of the proteins (RIP) 

To prepare radiolabeled baculovirus proteins, conflu- 
ent monolayers of Sf9 cells in 35 mm dishes were 
infected with recombinant or wild-type baculovirus (10 
m.o.i.) for 22 h at 28°C. The cells were washed and 
incubated for I h with methionine-free medium and then 
labelled with (* l5 S)methionine( 100 Ci/il"') for 1 h. Tissue 
culture supernatant medium was collected and cells were 
recovered and washed in cold PBS. and solubilized in 
100 //l of RlPA buffer (0.02 M Tris HC! pH 7.4. 0.15 M 
NaCI, 0.01 M EDTA. 1% NP-40 and 0.01 M phenyl- 
methylsulfonyl fluoride). The post-nuclear supernatant 
was collected and stored at - 20*C. A similar protocol 
was followed for obtaining the radiolabeled proteins of 
VV and SLE virus using CV-I cells at infection times of 
12 and 30 h, respectively. In experiments designed to 
study the glycosylation patterns of the proteins, tunica- 
mycin ( l0//g ml* 1 ) was added to the growth medium at 
18 h p.i. of infected S/9 cells, at 2 h p.i. of CV-I cells 
infected with VV and 24 h p.i. of CV-1 cells infected 
with SLE virus. Aliquots (100 //I) of the lysates were 
immunoprecipitated as follows. Samples were incubated 
for 16 h at 4°C with 2 p\ of a rabbit anti-SLE hyper- 
immune serum. Immune complexes were precipitated 
using Staphylococcus protein A-Sepharose (Sigma) and 
washed free of unbound proteins and label. The 
immunoprecipitated proteins were resolved by 10% 
SDS-PAGE and visualized by autoradiography. 



Antigenic analysis of recombinant proteins by IF tests 

The antigenic properties of recombinant proteins were 
compared in an IF test using a panel of MAbs and 
methods described previously r? on Sf9 and CV-1 cells 
infected with recombinant baculovirus and VV. 
respectively. 



Animal protection experiments 

Mouse protection experiments were performed as 
previously described 8 . Immunizing antigen from recom- 
binant baculovirus was obtained from infected S/9 cells 
(I0 7 cells ml ') lysed by repeated freezing and thawing. 
After centrifugation at 2000 revs min" 1 to remove the 
cell debris, 0.1 ml was administered subcutaneously with 
an equal amount of aluminium hydroxide adjuvant. 
Immunization with VV was done by intraperitoneal 
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administration of 10' p.f.u. of wild-type or recombinant Jft 
VV prepared by lysis of infected CV-I cells by repeated M 

freeze — thaw cycles and sonication. Groups </i=IO) of 12 3 4 

3- week -old outbred TO mice (Tuck and Sons. UK) were **-*•■ • * *^ 

immunized as per the following regimen. 
Group I Wild-type VV at 0 day-*- wild-type baculo virus 
at 14 day 

Group 2 Recombinant baculovirus at 0 duy+ 

recombinant baculovirus at 14 day 
Group 3 Recombinant VV at Oday+recombinant VV at 

14 day 

Group 4 Recombinant VV at 0 day+recombinant 

baculovirus at 14 day. 
Two weeks after the second immunization, all the 
animals were inoculated intracerebrally with 0.01 ml 
of 10 4 dilution of infected suckling mouse brain 
(10 s p.f.u. ml" 1 ) of MSI-7 strain of SLE virus. Follow- 
ing SLE virus infection, mice were observed daily for 
development of symptoms. 



Antibody response to vaccination 

TITe~anti body-response -t o-the-recom hi n aj} t_j>ro!«i»£ 
in the vaccinated mice was determined by EL ISA* 
using 96-well plates (Dynateeh Immulon) coated with 
sonicated, glycerol-tartrate gradient purified. SLE virus 
antigen. Before testing, non-specific binding sites were 
blocked with PBS containing 2% non-fat milk and 
0.025% Tween-20. Pooled sera from randomly selected 
mice, from each croup, were diluted twofold starting 
from 1:100 and 100 //I of each dilution was added to the 
wells and incubated for 1 h at 37°C. After thorough 
washing. 100 ul of affinity-purified horseradish 
peroxidase-conjueated sheep anti-mouse IgG t BRL) was 
added at a dilution of 1:500 and incubated for I h at 
37°C. The plates were washed 5 times and the bound 
peroxidase activity was detected colorimetrically using 
ABTS-. 2'-azino-bis(3-ethylbenz-thiazoliue-6-sulfonic 
acid), as the substrate, on an EL ISA reader at 405 nm. 

Virus neutralization tests (NT) 

i hacp nu> r i» pwrfVM invil tii tin |inolrd frri tv n n i e/'^h 
group of mice essentially as described previously 1 " with 
a 10" 1 dilution of an infectious tissue culture stock of 
SLE virus. The titre was expressed as the reciprocal 
of the highest dilution of antibody that caused a 
50% reduction of plaque numbers relative to the virus 
control. 



RESULTS 

Analysis of the expressed recombinant proteins 

Screening by IF tests of Sj*) and CV-I cells infected 
with the recombinant baculovirus and VV. respectively, 
using a panel of MAbs. gave identical results 1 * to SLE 
virus infected PS cells (not shown!. Iminunobtotiinu of 
the infected S/V and CV-I cell lysates using the SLE 
virus hyperimmune antiserum showed that the expressed 
recombinant E protein migrated to the same position as 
SLE virus E protein. Although the recombinant virus 
constructs contained both PriM and E coding sequences, 
no PrM/M proteins were detectable. This was probably 
because the antiserum did not contain high titre anti- 
bodies against M protein. Cell lysates infected with SLE 
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Figure 1 (A) Radioimmunoprectpitatfon of SLE virus proteins with 
polyclonal antiserum. Lane 1 — PS cell lysates infected with SLE 
virus: lane 2— Sf cell lysate infected with WT baculovirus; lane 
3— CV1 cell lysate infected with WT vaccinia virus: fane 4— SAcell 
lysate inlected with recombinant baculovirus: lane 5 — CV1 cell 
lysate infected with recombinant vaccinia virus. (B) Effect of tunica- 
mycin on the mobilities of radiolabeled SLE virus proteins. Labelled 
PS cells intected with SLE virus in the absence (lane I) and 
presence ilane 2) of tunicamycin: labelled CVt cells infected with 
recombinant vaccinia virus in the absence (lane 3) and presence 
(lane 4) of tunicamycin: labelled $f cell lysate infected with recom- 
binant baculovirus in the absence (lane 5) and presence (lane 6) of 
tunicamycin. Arrows represent protein molecular weight markers 
trom the top 97, 66. 45 and 31 kOa 

virus also failed to demonstrate the presence of M 
protein when tested with the same antiserum. Analysis 
of the proteins by RIP with SLE virus-specific antiserum 
confirmed the similarity of the recombinant protein and 
SLE virus E protein. Both proteins migrated as a 
doublet on PAGE gel with a molecular mass of 51-54 
kOa inferring differences in the glycosylation status of 
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Table 1 Immune response of mice IWecombinant SLE virus 



iviquckj group 


CLIOA Hue 


Neutralisation titr©° 


1 


<20 


<10 


2 


200 


60 


3 


800 


120 


4 


1600 


320 



'Reciprocal of the highest dilution of O.D. value more than twice the 
negative control value. "Reciprocal of the highest dilution that 
caused a 50% reduction in the number of plaques 



the two bands (Figure I A). In order to confirm whether 
or not the faster migrating protein represented the 
unglycosylaied form, rad iota belled proteins synthesised 
in the presence of tunicamycin were analysed using RIP 
with antiserum against SLE virus. Tunicamycin treat- 
ment resulted in disappearence of the 54 kDa band 
(Figure IB), demonstrating that the upper band was 
glycosylated. 

Analysis of the antibody response to recombinant SLE 
E antigen 

Pre-challenge pooled sera of randomly selected mice 
from different groups, immunized as described earlier, 
were initially tested for their ability to irnmunoprecipi- 
tate radiolabeled SLE virus proteins. The results of 
these studies demonstrated that the recombinant pro- 
teins had induced antibody responses in mice (not 
shown). When the serum samples were tested in an 
ELISA to compare the immune response evoked due to 
different vaccination schedules, animals in group 4 
showed the highest litres {Table h. The serum samples 
from the different groups also showed differences in 
neutralization litres. 

Protective immune responses against virulent SLE 
virus infection 

The ability of the recombinant viruses, used under 
different immunization schedules, to protect mice 
against virulent SLE virus infection was tested by intra- 
cerebral challenge of immunized mice with SLE virus as 
described above. All animals in group I. which were not 
immunized with SLE virus proteins, died within 7 days, 
confirming the virulent nature of the SLE virus chal- 
lenge. Significant protective immune responses against 
SLE virus were observed in groups of mice immunized 
with either recombinant baculovirus (60% survival* or 
recombinant VV expressing SLE virus PrM/E proteins 
(80%). However, the animals in group 4 which had been 
immunized first with recombinant VV and then with 
recombinant baculovirus expressing SLE virus proteins, 
all survived infection with a lethal challenge dose of SLE 
virus (Figure 2). The experiments were repeated and 
gave identical results. 

DISCUSSION 

Recent advances in biotechnology have made it possible 
to develop recombinant antigens as potential protective 
immunogens against different virus diseases. Recombi- 
nant virus constructs expressing the structural proteins 
PrM and E have been shown to elicit protective immune 
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responses against the mosquito-borne flaviviruses 
Japanese encephalitis, yellow fever and dengue type 4 
virus 1 . Several investigators have used either baculo- 
virus 1 Q or VV 45 to derive the recombinant flavi virus 
antigens for immunization. In order to harness the 
advantages of both expression systems, we examined the 
effects of immunizing mice with recombinant PrM/E 
proteins of SLE virus using W in the first instance 
followed by recombinant baculovirus derived protein as 
a secondary booster antigen for inducing protective 
responses against virulent SLE virus infection. 

Both types of recombinant virus expressed a protein 
which migrated at the same position as SLE virus E 
protein and both reacted with SLE virus-specific poly- 
clonal antiserum in immunoblot and RIP tests. The 
recombinant virus PrM/E protein also showed an iden- 
tical reactivity pattern with SLE virus protein when 
tested with a panel of E -specific MAbs. The sequence of 
the structural proteins of SLE virus shows that cellular 
signalases may be responsible for proteolytic cleavage of 
the PrM and E proteins 10 . The identical size and anti- 
genic reactivity of the recombinant E protein also sug- 
gests proper processing and folding of these proteins in 
mammalian and insect cells. Recent studies have shown 
that prM protein was important in protecting the E 
protein during its processing in the highly acidic pH of 
the post-Golgi vesicles 20 and recombinant constructs 
expressing prM/E proteins of mosquito-borne viruses 
such as JE and YF produced extracellular particles 
capable of inducing protective immune responses 4,5 . The 
SLE virus prM protein produced by the recombinant 
viruses may also have a similar function. 

DifTe rences in the el y cosy! at ion patterns between 
SLE virus strains have been reported, although they do 
not appear to correlate with antigenicity or biological 
behaviour 21 . The MSI-7 strain of SLE virus used in the 
present study, has two potential N-linked glycosylation 
sites on the E protein and SLE virions in a population 
may contain both glycosylated and non-glycosylated E 
proteins. The recombinant E protein behaved like the 
authentic protein and migrated as two bands differing in 
glycosylation status., as seen in tunicamycin inhibition 
experiments (Figure 2). 

Effective virus vaccines can stimulate antibodies that 
neutralize virus infectivity and bind to cell-free virus to 
aggregate it. They can also stimulate cytolytic effector 
cells to eliminate virally infected cells during infection. 
This requirement for a broad effector response may not 
be easy to achieve with subunit vaccines derived from 
one type of recombinant virus, since antigens presented 
in different ways may vary in efficiency to induce indi- 
vidual components of the immune response. The group 
of mice that received only recombinant baculovirus 
derived PrM/E protein showed a moderate humoral 
antibody response (Table I). Mice which received- two 
doses of recombinant VV also showed good antibody 
responses, indicating that it may be possible to enhance 
the immune response by repeated administration of live 
recombinant viruses. However, the data from the anti- 
body studies and protection from intracerebral challenge 
with SLE virus show that secondary boosting with 
antigen from a different source may be more advan- 
tageous. Studies with Plasmodium yoelii have shown that 
administration of a second dose of the same recombi- 
nant virus failed to enhance the immunity probably due 
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Figure 2 Survival data (or groups (n=iO) of mice inoculated with WT or recombinani viruses and then challenged intracerebral^ with a lethal 
dose of SLE virus 



10 ihe vigorous primary response that rapidly neutralizes 
the second dose of the virus". 

Our results show that the SLE virus PrM/E proieins. 
expressed by recombinant virus have the potential for 
use as a subunit vaccine and this supports the 
conclusions-"" 2 '- 2 * 1 that flavivirus vaccines in general could 
t constructed using this princip le. Among the different 
ir r tr PMni7^!ii\n r^imfni th .i l urn iunnj_m_d, the r n o ct 
successful was seen when mice were immunized with 
recombinant vaccinia virus followed by a secondary- 
boost with recombinant baculovirus protein. This 
finding was consistent with the higher antibody response 
observed in the group given the combined immunization 
schedule. Although issues such as the durability of the 
immune response, the interval for further boosting and 
the use of more potent adjuvants require additional 
investigation, our data show that recombinant virus 
constructs of PrM and E proteins can function as 
efficient immunogens against SLE virus and that the 
use of a combined vaccination approach should be 
considered as a general immunization strategy for 
flaviviruses. 
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EUKARYOTIC LAYERED VECTOR The morphology and morphogenesis of the alphavinis 

INITIATION SYSTEMS genus is generally quite uniform. In particular, the enveloped 

60-65 nm particles infect most vertebrate cells, where 

CROSS REFERENCE TO RELATED productive infection is cytopathic. On the other hand, infec- 

APPLICATIONS 5 uon 0 f invertebrate cells, for example, those derived from 

This application is a division of copending U.S. patent mosquitoes, does not result in any overt cytopathology. 

application Ser. No. 08/404,796, filed Mar. 15, 1995; which Typically, alphaviruses are propagated in BHK-21 or vero 

application claims the benefit of PCT application US94/ growth is rapid, reaching a maximum yield 
10469, filed Sep. 14,1994, and is a continuation in part of within 24 hours of infection. Field strains are usually iso- 

U.S. patent application Ser. No. 08/376,184, filed Jan. 18, 10 lated on primary avian embryo, for example chicken fibro- 

1995, now abandoned; which application is a continuation- ^last cultures (CEF). 

in-part of U.S. patent application Ser. No. 08/348,472, filed The genomic RNA (49S RNA) of alphaviruses is 

Nov. 30, 1994, now abandoned; which application is a unsegmented, of positive polarity, approximately 11-12 kb 

continuation-in-part of U.S. patent application Ser. No. in length, and contains a 5' cap and a 3' polyadenylate tail. 

08/198,450, filed Feb. 18, 1994, now abandoned; which 15 Infectious enveloped virus is produced by assembly of the 

application is a continuation-in-part of U.S. patent applica- viral nucleocapsid proteins onto genomic RNA in the 

uon Ser. No. 08/122,791, filed Sep. 15, 1993, now aban- cytoplasm, and budding through the cell membrane embed- 

doned. ded with viral-encoded glycoproteins. Entry of virus into 

cells appears to occur by endocytosis through clatherin- 

TECHN1CAL FIELD 20 coated pits, fusion of the viral membrane with the 

The present invention relates generally to use of recora- endosome, release of the nucleocapsid and uncoating of the 

binant viruses as vectors, and more specifically, to recom- viral genome. During viral replication, the genomic 49S 

bin ant alphaviruses which are capable of expressing a het- RNA serves as template for synthesis of a complementary 

erologous sequence in target cells. negative strand. The negative strand in turn serves as tem- 

25 plate for full-length genomic RNA and for an internally 

BACKGROUND OF THE INVENTION initiated positive-strand 26S subgenomic RNA. The non- 

Alphaviruses comprise a set of serologically related structural proteins are translated from the genomic RNA. 

arthropod-borne viruses of the Togavirus family. Briefly, Alphaviral structural proteins are translated from the sub- 

alphaviruses are distributed worldwide, and persist in nature ^ genomic 26S RNA. All viral genes are expressed as polypro- 

through a mosquito to vertebrate cycle. Birds, rodents, 30 ^ and P rocessec | mt0 ^dividual proteins by proteolytic 

horses, primates, and humans are among the defined lavage post-translatoon. 

alphavinis vertebrate reservoir/hosts. The use of recombinant virus vectors (in particular, 

Twenty-six known viruses and vims subtypes have been alphavinis vectors) to treat individuals requires that they be 

classified within the alphavinis genus utilizing the hemag- 35 able to transported and stored for long periods at a desired 

glutination inhibition (HI) assay. Briefly, the HI test segre- temperature, such that infectivity and viability of the recom- 

gates the 26 alphaviruses into three major complexes: the bmant fe retained. Current methods for storing recom- 

Venezuelan encephalitis (VE) complex, the Semliki Forest bmant viruses g ene rally involve storage as liquids and at low 

(SF) complex, and the western encephalitis (WE) complex. temperatures. Such methods present problems in Third 

In addition, four additional viruses, eastern encephalitis 40 World counlries » which typically do not have adequate 

(EE), Barman Forest, Middelburg, and Ndumu, receive refrigeration capabilities. For example, each year in Africa, 

individual classification based on the HI serological assay. millions of children die from infectious diseases such as 

Members of the alphavinis genus are also classified based measles * Vaocine f ««Biury for the prevention of these 

on their relative clinical features in humans: alphaviruses dlSeaseS " < distnbuted to te m . a J ontv of L1 tbese 

associated primarily with encephalitis, and alphaviruses 45 ^tnes because refrigeration is not readily accessible, 

associated primarily with fever, rash, and polyarthritis. In a^on to storage as liquids and at low temperatures, 

Included in the former group are the VE and WE complexes, present viral formulations often contain media components 

and EE. In general, infection with this group can result in that are not desirable for injection into patients, 

permanent sequelae, including behavior changes and leam- Consequently, there is a need in the art for a method of 

ing disabilities, or death. In the latter group is the SF 50 preserving purified recombinant viral vector (and in 

complex, comprised of the individual alphaviruses particular, alphavinis vectors) in a lyophilized form at 

Chikungunya, O'nyong-nyong, Sindbis, Ross River, and elevated temperatures, and for this form to be suitable for 

Mayaro. With respect to this group, although serious epi- injection into patients. 

demies have been reported, infection is in general self- The present invention discloses recombinant alphavinis 
limiting, without permanent sequelae. 55 vectors which are suitable for use in a variety of 
Sindbis virus is the prototype member of the alphavinis applications, including for example, gene therapy, and fur- 
genus of the Togavirus family. Although not usually ther provides other related advantages, 
apparent, clinical manifestations of Sindbis virus infection ™™ * * mm 
mTy mclude fever, arthrilis, and rash. Sindbis virus is SUMMARY OF THE INVENTION 
distributed over Europe, Africa, Asia, and Australia, with the 60 Briefly stated, the present invention provides alphavinis 
best epidemiological data coming from South Africa, where vector constructs and alphavinis particles, as well as meth- 
20% of the population is seropositive. (For a review, see ods of making and utilizing the same. Within one aspect of 
Peters and Dalrymple, Fields Virology (2d ed), Fields et al. the present invention, alphavinis vector constructs are pro- 
(eds.), B.N. Raven Press, New York, N.Y., chapter 26, pp. vided comprising a 5* promoter which is capable of initiating 
713-762). Infectious Sindbis virus has been isolated from 65 the synthesis of viral RNA in vitro from cDNA, a 5' 
human serum only during an outbreak in Uganda and in a sequence which is capable of initiating transcription of an 
single case from Central Africa. alphavinis, a nucleotide sequence encoding alphavinis non- 
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structural proteins, a viral junction region which has been which is capable of initiating the 5 f synthesis of RNA from 
inactivated such that viral transcription of the subgenomic cDNA, a vector construct which is capable of autonomous 

fragment is prevented, and an alphavirus RNA polymerase replication in a cell, the vector construct being capable of 
recognition sequence. Within other aspects of the present expressing a heterologous ribonucleic acid sequence, and a 

invention, the viral junction region has been modified such 5 3' DNA sequence which controls transcription termination, 

that viral transcription of the subgenomic fragment is withm one embodiment, the vector construct within the 

reduced. eukaryotic layered vector initiation systems of the present 

Within yet other aspects of the present invention, alphavi- invention is an alphavirus vector construct Within other 
rus vector constructs are provided comprising a 5* promoter embodiments, the construct is derived from a virus selected 

which is capable of initiating the synthesis of viral RNA in 10 from the group consisting of poliovirus, rhinovirus, 

vitro from cDNA, a 5* sequence which is capable of initi- coxsackieviruses, rubella, yellow fever, HCV, TGEV, IBV, 

a ting transcription of an alphavirus, a nucleotide sequence MHV, BCV, parainfluenza virus, mumps virus, measles 

encoding alphavirus non-structural proteins, a first viral virus, respiratory syncytial virus, influenza virus, RSV, 

junction region which has been inactivated such that viral MoMLV, HIV, HTLV, hepatitis delta virus and Astro virus, 

transcription of the subgenomic fragment is prevented, a 15 Within yet other embodiments, the promoter which is 

second viral junction region which is active, or which has capable of initiating the 5* synthesis of RNA from cDNA is 

been modified such that viral transcription of the subge- selected from the group consisting of the MoMLV promoter, 

nomic fragment is reduced, and an alphavirus RNA poly- metaUothionein promoter, glucocorticoid promoter, SV40 

merase recognition sequence. promoter, and the CMV promoter. Within further 

Within still other aspects of the present invention, 20 embodiments, the eukaryotic layered vector initiation sys- 

alphavirus cDNA vector constructs are provided, comprising ^ms further comprise a polyadenylation sequence, 

a 5' promoter which is capable of initiating the synthesis of In further embodiments of the invention, in any of the 

viral RNA from cDNA, followed by a 5* sequence which is above aspects, the vectors (e.g., alphavirus vector construct, 

capable of initialing transcription of an alphavirus, a nucle- alphavirus cDNA vector construct, or eukaryotic layered 

otide sequence encoding alphavirus non-structural proteins, 25 vector initiation system) may be derived from an alphavirus 

a viral junction region which has been inactivated such that selected from the group consisting of Aura, Fort Morgan, 

viral transcription of the subgenomic fragment is prevented, Venezuelan Equine Encephalitis, Ross River, Semliki 

an alphavirus RNA polymerase recognition sequence, and a Forest, Sindbis, and Mayaro. 

3' sequence which controls transcription termination. ^ \ n other embodiments, the vectors described above con- 
Within another aspect of the present invention, alphavirus tain a heterologous sequence. Topically, such vectors con- 
cDNA vector constructs are provided, comprising a 5* pro- tain a heterologous nucleotide sequence of greater than 100 
moter which is capable of initiating the synthesis of viral bases, generally the heterologous nucleotide sequence is 
RNA from cDNA, followed by a 5' sequence which is greater than 3 kb, and sometimes greater than 5 kb, or even 
capable of initiating transcription of an alphavirus, a nucle- 35 8 kb. In various embodiments, the heterologous sequence is 
otide sequence encoding alphavirus non-structural proteins, a sequence encoding a protein selected from the group 
a viral junction region which is active, or which has been consisting of IL-1, 1L-2, IL-3, IL-4, IL-5, IL-6, 1L-7, IL-8, 
modified such that viral transcription of the subgenomic IL-9, uVlO, IL-11, IL-12, 11^13, IL-14, IL-15, alpha, beta-, 
fragment is reduced, an alphavirus RNA polymerase recog- or gamma-IFN, G-CSF, and GM-CSF. Within other embodi- 
nition sequence, and a 3' sequence which controls transcrip- ^ ments of the invention, the heterologous sequence may 
tion termination. encode a lymphokine receptor. Representative examples of 
Within another aspect of the present invention, alphavirus such receptors include receptors for any of the lymphokines 
cDNA vector constructs are provided, comprising a pro- set forth above. 

moter which is capable of initiating the synthesis of viral In still other embodiments, the vectors described above 
RNA from cDNA followed by a 5 1 sequence which is 45 include a selected heterologous sequence which may be 
capable of initiating transcription of an alphavirus, a nucle- obtained from a virus selected from the group consisting of 
otide sequence encoding alphavirus non-structural proteins, influenza virus, HPV, HBV, HCV, EBV, HIV, HSV, FeLV, 
a first viral junction region which has been inactivated such FIV, Hanta virus, HTLV I, HTLV II and CMV Within one 
that viral transcription of the subgenomic fragment is preferred embodiment, the heterologous sequence obtained 
prevented, followed by a second viral junction region which 50 from HPV encodes a protein selected from the group con- 
is active, or which has been modified such that viral tran- sisting of E5, E6, E7 and LI. In yet other embodiments, the 
scription of the subgenomic fragment is reduced, an alphavi- vectors described above include a selected heterologous 
rus RNA polymerase recognition sequence, and a 3' sequence encoding an HIV protein selected from the group 
sequence which controls transcription termination. consisting of HIV gpl20 and gag. 

Within other aspects of the present invention, eukaryotic 55 The selected heterologous sequences described above 
layered vector initiation systems are provided which are also may be an antisense sequence, noncoding sense 
capable of expressing a heterologous nucleic acid sequence sequence, or ribozyme sequence. In preferred embodiments, 
in a eukaryotic cell transformed or transfected therewith. In the antisense or noncoding sense sequence is selected from 
particular embodiments, eukaryotic layered vector initiation the group consisting of sequences which are complementary 
systems are provided, comprising a promoter which is & to influenza virus, HPV, HBV, HCV, EBV, HIV, HSV, FeLV, 
capable of initiating the 5' synthesis of RNA from cDNA, a FTV, Hanta virus, HTLV I, HTLV II, and CMV sequences, 
vector construct which is capable of autonomous replication I D another embodiment, the vectors described above con- 
in a cell, the vector construct being capable of expressing a tain no alphavirus structural protein genes. Within other 
heterologous nucleic acid sequence, and a 3* sequence which embodiments, the selected heterologous sequence is located 
controls transcription termination. 65 downstream from a viral junction region. In the vectors 

Within a related aspect, eukaryotic layered vector initia- described above having a second viral junction, the selected 

tion systems are provided, comprising a DNA promoter heterologous sequence may, within certain embodiments, be 
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located downstream from the second viral junction region. duce alp ha virus particles capable of infecting human cells. 

Where the heterologous sequence is located downstream Within other embodiments, the packaging cell line produces 
from a viral junction region, the vector construct may further alphavirus particles in response to one or more factors, 
comprise a polylinker located subsequent to the viral junc- Within certain embodiments, an alphavirus inhibitory pro- 
tion region. Within preferred embodiments, such polylinkers 5 tein is not produced within the packaging cell line, 

do not contain a restriction endonuclease recognition Within other aspects, retroviraWerived packaging cell 

sequence present in the wild-type alphavirus sequence. lines are provided which are suitable for packaging and 

In yet another embodiment, in the vectors described production of an alphavirus vector. Within one embodiment, 
above the selected heterologous sequence may be located a retroviral-derived producer cell line suitable for packaging 
within the nucleotide sequence encoding alphavirus non- 1° and production of an alphavirus vector is provided, corn- 
structural proteins. prising an expression cassette which directs the expression 

In particular embodiments, the vectors described above °f gag/pol, an expression cassette which directs the expres- 

include a viral junction region consisting of the nucleotide sion of env, and alphavirus vector construct containing a 

sequence as shown in FIG. 3, from nucleotide number 7579, retroviral packaging sequence. 

to nucleotide number 7597 (SEQ. ID NO. 1). In alternative 15 Within another aspect, HBV-derived and corona virus- 
embodiments, where the vector includes a second viral derived packaging cell lines are provided which are suitable 
junction, an E3 adenovirus gene may be located downstream for packaging and production of and alphavirus vector, 
from the second viral junction region. Vectors of the present Within one embodiment, an HBV-derived packaging cell 
invention may also further comprise a non-alphavirus (for line is provided, comprising an expression cassette which 
example retrovirus, coronavirus, hepatitis B virus) packag- 20 directs the expression of HBV core, preS/S, and P proteins, 
ing sequence located between the first viral junction region Within another embodiment, a coronavirus-derived packag- 
and the second viral junction region, or in the nonstructural ing cell line is provided, comprising an expression cassette 
protein coding region. which directs the expression of coronavirus N, M, and S 

In further aspects, the present invention provides an proteins, 

isolated recombinant alphavirus vector which does not con- 25 Within another aspect, a VSV-G derived packaging cell is 

tain a functional viral junction region, and which in pre- provided which is suitable for packaging and production of 

ferred embodiments produces reduced viral transcription of an alphavirus vector, comprising a stably integrated expres- 

the subgenomic fragment. sion cassette which directs the expression of VSV-G. Within 

In still a further aspect, the present invention provides an a further embodiment, such packaging cell lines comprise a 

alphavirus structural protein expression cassette, comprising stably integrated expression cassette which directs the 

a promoter and one or more alphavirus structural protein expression of one or more alphavirus structural proteins, 

genes, the promoter being capable of directing the expres- Within yet other aspects, producer cell lines are provided 

sion of alphavirus structural proteins. In various based upon the above packaging cell lines. Within one 

embodiments, me expression cassette is capable of express- 35 embodiment, such producer cell lines produce recombinant 

ing alphavirus structural proteins, such as an alphavirus alphavirus particles in response to a differentiation state of 

structural protein selected from the group consisting of C, the producer cell line. Within other embodiments, such 

6K, E3, E2, and El. producer cell lines produce recombinant alphavirus particles 

Within other embodiments, the alphavirus structural pro- in response to one or more factors, 

tein is derived from an alphavirus selected from the group ^ As utilized with the context of the present invention, 

consisting of Aura, Fort Morgan, Venezuelan Equine alphavirus producer cell line refers to a cell line which is 

Encephalitis, Ross River, Semliki Forest, Sindbis and capable of producing recombinant alphavirus particles. The 

Mayaro viruses. * producer cell line should include an integrated alphavirus 

In yet another aspect, the present invention provides an structural protein expression cassette capable of directing 
alphavirus structural protein expression cassette, comprising 45 the expression of alphavirus structural protein(s), and also, 
a promoter, one or more alphavirus structural proteins, and an alphavirus vector construct. Preferably, the alphavirus 
a heterologous ligand sequence, the promoter being capable vector construct is a cDNA vector construct. More 
of directing the expression of the alphavirus structural preferably, the alphavirus vector construct is an integrated 
proteins and the heterologous sequence. In various cDNA vector construct. When the alphavirus vector con- 
embodiments, the heterologous ligand sequence is selected 50 struct is an integrated cDNA vector construct, it may, in 
from the group consisting of VSVG, HTV gpl20, antibody, some instances, function only in response to one or more 
insulin, and CD4. factors, or the differentiation state of the alphavirus producer 

In certain embodiments, the expression cassettes cell line, 

described above include a promoter selected from the group l n still yet another aspect, the present invention provides 

consisting of metaUothionein, Drosophila actin 5C distal, 55 alphavirus particles which, upon introduction into a BHK 

SV40, heat shock protein 65, heat shock protein 70, Py,RSV, cell, produces an infected cell which is viable at least 24 

BK, JC, MuLV, MMTV, alphavirus junction region, CMV hours and as much as 48, 72, or 96 hours, or 1 week after 

and VA1RNA infection. Also provided are mammalian cells which contain 

The present invention also provides packaging cell lines such alphavirus particles. In addition, recombinant alphavi- 

and producer cell lines suitable for producing recombinant 60 nis particles capable of infecting human cells are provided, 

alphavirus particles. Such packaging or producer cell lines l n another aspect, the present invention provides recom- 

may be either mammalian or non-ma mm al i a n (e.g., insect binant alphavirus particles which, upon introduction into a 

cells, such as mosquito cells). In certain embodiments, the BHK cell, produces an infected cell which is viable at least 

packaging cell lines and producer cell lines contain an 24 hours after infection, the particle also carrying a vector 

integrated alphavirus structural protein expression cassette. 65 construct which directs the expression of at least one antigen 

Within one embodiment, packaging cell lines are pro- or modified form thereof in target cells infected with the 

vided which, upon introduction of a vector construct, pro- alphavirus particle, the antigen or modified form thereof 
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being capable of stimulating an immune response within an 
animal. In various embodiments, the expressed antigen or 
modified form thereof elicits a cell-mediated immune 
response, preferably an HLA class I -restricted immune 
response. 5 

In still another aspect, the present invention provides 
recombinant alphavirus particles which carry a vector 
capable of directing the expression of a palliative in cells 
infected with the alphavirus particle, the palliative being 
capable of inhibiting a function of a pathogenic agent 10 
necessary for pathogenicity. In various embodiments, the 
pathogenic agent is a virus, fungi, protozoa, or bacteria, and 
the inhibited function is selected from the group consisting 
of adsorption, replication, gene expression, assembly, and 
exit of the pathogenic agent from infected cells. In other 15 
embodiments, the pathogenic agent is a cancerous cell, 
cancer-promoting growth factor, autoimmune disorder, car- 
diovascular disorders such as restenosis, osteoporosis and 
male pattern baldness, and the inhibited function is selected 
from the group consisting of cell viability and cell replica- ^ 
tion. In further embodiments, the vector directs the expres- 
sion of a toxic palliative in infected target cells in response 
to the presence in such cells of an entity associated with the 
pathogenic agent; preferably the palliative is capable of 
selectively inhibiting the expression of a pathogenic gene or ^ 
inhibiting the activity of a protein produced by the patho- 
genic agent. In still further embodiments, the palliative 
comprises an inhibiting peptide specific for viral protease, 
an an Use rise RNA complementary to RNA sequences nec- 
essary for pathogenicity, a sense RNA complementary to ^ 
RNA sequences necessary for pathogenicity, or a defective 
structural protein of a pathogenic agent, such protein being 
capable of inhibiting assembly of the pathogenic agent. 

In yet further embodiments, recombinant alphavirus par- 
ticles described above direct the expression of a palliative, 35 
more particularly, direct the expression of a gene product 
capable of activating an otherwise inactive precursor into an 
active inhibitor of the pathogenic agent, for example, the 
herpes thymidine kinase gene product, a tumor suppressor 
gene, or a protein that activates a compound with little or no 40 
cytotoxicity into a toxic product in the presence of a patho- 
genic agent, thereby effecting localized therapy to the patho- 
genic agent Alternatively, the recombinant alphavirus par- 
ticle directs the expression of a protein that is toxic upon 
processing or modification by a protein derived from a 45 
pathogenic agent, a reporting product on the surface of target 
cells infected with the alphavirus and containing the patho- 
genic agent, or an RNA molecule which functions as an 
antisense or ribozyme specific for a pathogenic RNA mol- 
ecule required for pathogens. In certain embodiments, in the 50 
alphavirus particles described above, the protein is herpes 
thymidine kinase or CD4. 

In yet further aspects, the present invention provides 
recombinant alphavirus particles which direct the expression 
of a gene capable of suppressing one or more elements of the 55 
immune system in target cells infected with the alphavirus 
vector, and an alphavirus particle which directs the expres- 
sion of a blocking element in cells infected with the alphavi- 
rus vector, the blocking element being capable of binding to 
either a receptor or an agent such that the receptor/agent 60 
interaction is blocked. 

In further aspects, methods are provided for administering 
any of the above-described recombinant alphavirus particles 
or vectors, for a prophylactic or therapeutic effect For 
example, within one aspect, the present invention provides 65 
methods of st imulatin g an immune response to an antigen, 
comprising the step of infecting susceptible target cells with 
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a recombinant alphavirus particle which directs the expres- 
sion of at least one antigen or modified form thereof in target 
cells infected with the alphavirus, the antigen or modified 
form thereof being capable of stimulating an immune 
response within an animal. In one embodiment, the target 
cells are infected in vivo, although within other embodi- 
ments the target cells are removed, infected ex vivo, and 
returned to the animal. 

In still further aspects of the present invention, methods of 
stimulating an immune response to a pathogenic antigen are 
provided, comprising the step of infecting susceptible target 
cells with a recombinant alphavirus particle winch directs 
the expression of a modified form of a pathogenic antigen in 
target cells infected with the alphavirus, the modified anti- 
gen being capable of stimulating an immune response within 
an animal but having reduced pathogenicity relative to the 
pathogenic antigen. 

In even further aspects of the present invention, methods 
of stimulating an immune response to an antigen are 
provided, comprising infecting susceptible target cells with 
a recombinant alphavirus particle which directs the expres- 
sion of a peptide having multiple epitopes, one or more of 
the epitopes derived from different proteins. 

In yet another aspect of the invention, methods of stimu- 
lating an immune response within a warm-blooded animal 
are provided, comprising infecting susceptible target cells 
associated with a warm-blooded animal with nucleic acid 
sequences coding for either individual class I or class II 
MHC protein, or combinations thereof, and infecting the 
cells with an alphavirus particle which directs the expression 
of at least one antigen or modified form thereof in target cells 
infected with the alphavirus particle, the antigen or modified 
form thereof being capable of stimulating an immune 
response within the animal. 

In another aspect of the present invention, methods of 
inhibiting a pathogenic agent are provided, comprising 
infecting susceptible target cells with an alphavirus particle 
which directs the expression of a palliative in cells infected 
with the alphavirus particle, the palliative being capable of 
inhibiting a function of a pathogenic agent necessary for 
pathogenicity. 

As utilized within the context of the present invention, 
vector or vector constructs which direct the expression of a 
heterologous sequence of interest in fact refers to the tran- 
scribed vector RNA, which directs the expression of the 
heterologous sequence of interest In addition, although 
"animals" are generally referred to, it should be understood 
that the present invention may be readily applied to a wide 
variety of animals (both mammalian and non-mammalian), 
including for example, humans, chimps, macaques, cows, 
horses, sheep, dogs, birds, cats, fish, rats, and mice. Further, 
although alpbaviruses such as Sindbis may be specifically 
described herein, it should be understood that a wide variety 
of other alphaviruses may also be utilized including, for 
example, Aura, Venezuelan Equine Encephalitis, Fort 
Morgan, Ross River, Semliki Forest, and Mayaro. 

Within other aspects of the present invention, methods are 
provided for delivering a heterologous nucleic acid sequence 
to an animal comprising the steps of administering to the 
warm-blooded animal a eukaryotic layered vector initiation 
system as described above. Within certain embodiments, the 
eukaryotic layered vector initiation system may be intro- 
duced into the target cells directly as a DNA molecule by 
physical means, as a complex with various liposome 
formulations, or as a DNA-ligand complex including the 
vector molecule (e.g., along with a polycation compound 
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such as polylysine, a receptor specific ligand, or a psoralen FIG. 16A is a bar graph which shows Sindbis BV-HBc 

inactivated virus such as Sendai or Adenovirus). expression and packaging in BHK cells (lysate). 

Within yet other aspects of the invention, ex vivo cells are FIG. 16B is a bar graph which shows Sindbis B V-HBe 

infected with any of the above-described recombinant expression and packaging in BHK cells (supernatant), 

alphaviruses are provided. Within yet other aspects, recom- 5 nG 17 ^ a bar which sindbis B y. m ^ 

binant alphavirus particles are provided which are resistant expression and packaging in BHK cells 

to inactivauon in serum. As ^tfltad herein recombinant ^ u fa a ^ comparison of HB 

alphavirus particles are consisted to be resistant to inacti- ^ ^ from Smdbis and RETRO VECTORS™, 
vation in serum if the ratio of surviving particles to input/ 

starting particles in a complement inactivation assay is io FIG. 19 is a bar graph which shows ELVIS-HBe vector 

greater in a statistically significant manner, preferably at expression in BHK cells. 

least 5-fold, and as much as 10- to 20-fold, as compared to FIGS. 20A-20D are a schematic illustration of several 

a reference sample produced in BHK cells. Within further representative mechanisms for activating a disabled viral 

aspects, pharmaceutical compositions are provided compris- junction region by "RNA loop-out." 

ing any of the above-described vectors, or recombinant 15 FIG. 21 is a western blot demonstrating expression of 

alphavirus particles, in combination with a physiologically capsid protein after transfection with pMAM/C, selection in 

acceptable carrier or diluent. HAT media, and induction with dexamethasone. 

In yet another aspect of the invention, the eukaryotic FIGS. 22A-22B depict a bar graph which demonstrates 

layered vector initiation systems provided enable new meth- the level of expression of luciferase in BHK cells transfected 

ods for large scale recombinant protein expression. 20 with ELVIS-LUC vector, and various modifications thereof. 

These and other aspects of the present invention will FIG. 23 is a bar graph which demonstrates the level of 
become evident upon reference to the following detailed hi cif erase or P-galactosidase expression in BHK cells trans- 
description and attached drawings. In addition, various fected with ELVIS expression vectors, co-transfected with 
references are set forth below which describe in more detail ELVIS expression and helper vectors, or transduced with 
certain procedures or compositions (e.g., plasmids, etc.). 25 packaged ELVIS expression vectors. 
These references are incorporated herein by reference in FIG. 24 depicts a photomicrograph of a ELVIS- p -gal 
their entirety. injected rat muscle at three days post inoculation. A trans- 
BRIEF DESCRIPTION OF THE DRAWINGS verse cryosection from gastronemius muscle injected with 

— 50//gof ELVIS-p-gal contained in PBS is shown. Four blue 

FIG. 1 is a schematic illustration of Sindbis virus genomic stained transverse fibers are evident, 
organization. 

RG. 2 is an illustration which depicts a method for DETAILED DESCRIPTION OF THE 

amplification of a Sindbis RNA genome by RT-PCR. . INVENTION 

FIGS. 3A-H set forth the sequence of a representative 35 Prior to setting forth the invention, it may be helpful to an 

Eukaryotic Layered Vector Initiation System derived from understanding thereof to first set forth definitions of certain 

Sindbis (SEQ. ID NO. 1). terms that will be used hereinafter. 

FIG. 4 is a schematic illustration of a Sindbis Basic Vector "Alphavirus vector construct" refers to an assembly 

and a Sindbis-luciferase \fector. which is capable of directing the expression of a sequence(s) 

FIG. 5 is an illustration of Sindbis Helper Vector Con- 40 or gene(s) of interest The vector construct should include a 

s traction. 5' sequence which is capable of initiating transcription of an 

FIG. 6 is a graph which illustrates expression and rescue alphavirus, as well as sequence(s) which, when expressed, 

of a Sindbis-luciferase Vector. code for biologically active alphavirus non-structural pro- 

FIG. 7 is an illustration of one method for modifying a teins ( c *» NSP1 > NSP2 > NSP3 > md NSP4), and an alphavi- 

Sindbis junction region (SEQ ID NO. 1, positions 45 rus RNA polymerase recognition sequence. In addition, the 

7579-7602). vector construct should include a viral junction region which 

FIG. 8 is a schematic flhistrarion of a representative mav ' m cerlain embodiments, be modified in order to 

embodiment of a Eukaryotic Layered Vector Initiation Sys- prevent, increase, or reduce viral transcription of the sub- 

tgg, genomic fragment, and an alphavirus RNA polymerase 

FIG. 9 is a graph which stows a to 50 rec «g nition f^ eno f; ™* vecl ?r may also include nucleic 

expression from ELVIS-LUC and SINBV-LUC vectors. acid molecule(s) which are of a size sufficient to allow 

Y-n- ift* , « . . . » . , . , fPT . nt , production of viable virus, a 5 promoter which is capable of 

FIG. 10 is a bar graph which depicts the level of ELVIS .u *u • r - i n KrA • •* 7*xt* 

^ v Y . , initiating the synthesis of viral RNA in vitro from cDNA, as 

vector reporter gene expression compared to several differ- ,, & J ** , . , . /. 

* ? well as one or more restriction sites, and a polyadenylation 

ent vector constructs. J 

55 sequence. 

FIG. 11 is a schematic illustration of Sindbis Packaging « A ». A . _ r 

p r ^ 6 "Alphavirus cDNA vector construct" refers to an assem- 

bxpressicm Cassettes. bly which is capable of directing the expression of a 

FIG. 12 is a bar graph which shows SIN-hic vector or gene(s) of mteresL vector ^mx* 

packagmg by representative packaging cell lines. &hould ^de a 9 ^ ^pMe of initiating 

FIG. 13 is a bar graph which shows SIN-iuc vector ^ transcription of an alphavirus, as well as sequence(s) which, 

packaging by PCL clone #18 over time. when expressed, code for biologically active alphavirus 

FIG. 14 is a bar graph which depicts the level of expres- non-structural proteins (e.g., NSP1, NSP2, NSP3, and 

sion by several different luciferase vectors in BHK cells and NSP4), and an alphavirus RNA polymerase recognition 

undifferentiated F9 cells. sequence. In addition, the vector construct should include a 

FIG. 15 is a schematic illustration of how Astroviruses or 65 5' promoter which is capable of initiating the synthesis of 

other heterologous viruses may be used to express Sindbis viral RNA from cDNA, a viral junction region which may, 

structural proteins. in certain embodiments, be modified in order to prevent, 
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increase, or reduce viral transcription of the subgenomic ATCC VR-1247), Sindbis virus (ATCC VR-68, ATCC 

fragment, an alphavirus RNA polymerase recognition VR-1248), Tonate (ATCC VR-925), Triniti (ATCC 

sequence, and a 3* sequence which controls transcription VR-469), Una (ATCC VR-374), Venezuelan equine 

termination. The vector may also include nucleic acid encephalomyelitis (ATCC VR-69), Venezuelan equine 

molecules) which are of a size sufficient to allow production 5 encephalomyelitis virus (ATCC VR-923 ATCC VR-1250 

of viable virus, splice recognition sequences, a catalytic ATCC VR-1249, ATCC VR-532), Western equine encepha- 

ribozyme processing sequence, as well as a polyadenylation i omye litis (ATCC VR-70, ATCC VR-1251, ATCC VR-622, 

Sequence - ATCC VR-1252), Whataroa (ATCC VR-926), and Y-62-33 

"Expression cassette" refers to a recombinantly produced (ATCC VR-375). 

nucleic acid molecule which is capable of directing the 10 b. SEQUENCES WHICH ENCODE WILD-TYPE SIND- 

expression of one or more proteins. The expression cassette gjg VIRUS 

must include a promoter capable of directing the expression Within one particularly preferred aspect of the present 

of said proteins, and a sequence encoding one or more invention, the sequences which encode wild-type alphavirus 

proteins, said proteins preferably comprising alphavirus may be obtained from Sindbis virus. In particular, within one 

stnicturalprotein(s). Optionally, the expression cassette may 15 embodiment of the invention (and as described in more 

include transcription termination, splice recognition, and detai i below in Example 1), a Sindbis full-length genomic 

polyadenylation addition sites. Preferred promoters include cDNA clone may be obtained by linking the 5* end of a 

the CMV, MMTV, MoMLV, and adenovirus VA1RNA pro- sindbis virus cDNA clone to a bacteriophage RNA poly- 

moters. In addition, the expression cassette may contain merase promoter, and the 3' end of the cDNA clone to a 

selectable markers such as Neo, SV2 Neo, hygromycin, w polyadenosine (poly A) tract of at least 25 nucleotides. In 

phleomycin, histidinol, and DHFR. particular, synthesis of the first cDNA strand from the viral 

"Alphavirus producer cell line" refers to a cell line which RNA template may be accomplished with a 3* oligonucle- 

is capable of producing recombinant alphavirus particles. otide primer having a consecutive sequence comprising an 

The producer cell line should include an integrated alphavi- enzyme recognition sequence, a sequence of 25 deoxythy- 

rus structural protein expression cassette capable of direct- 25 midine nucleotides, and a stretch of approximately 18 nucle- 

ing the expression of alphavirus structural protein(s), and otides which is complementary to the viral 3' end, and with 

also, an alphavirus vector construct. Preferably, the alphavi- a 5* primer containing buffer nucleotides, an enzyme recog- 

rus vector construct is a cDNA vector construct. More nition sequence, a bacteriophage promoter, and a sequence 

preferably, the alphavirus vector construct is an integrated complimentary to the viral 5* end. The enzyme recognition 

cDNA vector construct. When the alphavirus vector con- 30 sites present on each of these primers should be different 

struct is an integrated cDNA vector construct, it may, in from each other, and not found in the Sindbis virus. Further, 

some instances, function only in response to one or more the first nucleotide linked to the 3' end of the bacteriophage 

factors, or the differentiation state of the alphavirus producer RNA polymerase promoter may be the authentic first nucle- 

cell line. otide of the RNA virus, or may contain one or more 

"Recombinant alphavirus particle" refers to a capsid 35 additional non-viral nucleotides. RNA transcribed in vitro 
which contains an alphavirus vector construct. Preferably, from the viral cDNA clone, having the construction 
the capsid is an alphavirus capsid and is contained within a described above and linearized by digestion with the unique 
lipid bilayer, such as a cell membrane, in which viral- dT:dA 3* distal restriction enzyme will, after introduction 
encoded proteins are embedded. In some instances, the into the appropriate eukaryotic cell, initiate the same infec- 
alphavirus vector construct may be contained in a capsid 40 tion cycle which is characteristic of infection by the wild- 
derived from viruses other than alphaviruses (for example, type virus from which the cDNA was cloned. This viral 
retroviruses, coronaviruses, and hepatitis B virus). A variety cDNA clone, which yields RNA able to initiate infection 
of alphavirus vectors may be contained within the recom- after in vitro transcription, is referred to below as an 
binant alphavirus particle, including the alphavirus vector "infectious cDNA clone." 

constructs of the present invention. 45 C. PRODUCTION OF RECOMBINANT ALPHAVIRUS 

A SOURCES OF ALPHAVIRUS VECTOR CONSTRUCTS WITH INACTIVATED VIRAL 

As noted above, the present invention provides alphavirus JUNCTION REGIONS 

vector constructs, alphavirus particles containing such An infectious cDNA clone prepared as described above 

constructs, as well as methods for utilizing such vector (or utilizing sequences encoding an alphavirus obtained 

constructs and particles. Briefly, sequences encoding wild- 50 from other sources) may be readily utilized to prepare 

type alphavirus suitable for use in preparing the above- alphavirus vector constructs of the present invention, 

described vector constructs and particles may be readily Briefly, within one aspect of the present invention, recom- 

obtained given the disclosure provided herein from binant alphavirus vector constructs are provided, comprising 

naturally-occurring sources, or from depositories (e.g., the a 5* sequence which is capable of initiating transcription of 

American Type Culture Collection, Rockville, Md.). 55 an alphavirus, a nucleotide sequence encoding alphavirus 

Representative examples of suitable alphaviruses include nonstructural proteins, a viral junction region which has 

Aura (ATCC VR-368), Bebaru virus (ATCC VR-600, ATCC been inactivated such that viral transcription of the subge- 

VR-1240), Cabassou (ATCC VR-922), Chikungunya vims nomic fragment is prevented, and an alphavirus RNA poly- 

(ATCC VR-64, ATCC VR-1241), Eastern equine encepha- merase recognition sequence. As will be discussed in greater 

Iomyelitis virus (ATCC VR-65, ATCC VR-1242), Fort Mor- 60 detail below, alphavirus vector constructs which have inac- 

gan (ATCC VR-924), Getah virus (ATCC VR-369, ATCC tivated viral junction regions do not transcribe the subge- 

VR-1243), Kyzylagach (ATCC VR-927), Mayaro (ATCC nomic fragment, making them suitable for a wide variety of 

VR-66), Mayaro virus (ATCC VR-1277), Middleburg applications. 

(ATCC VR-370), Mucambo virus (ATCC VR-580, ATCC 1. RNA POLYMERASE PROMOTER 

VR-1244), Ndumu (ATCC VR-371), Pixuna virus (ATCC 65 As noted above, within certain embodiments of the inven- 

VR-372, ATCC VR-1245), Ross River virus (ATCC tion alphavirus vector constructs are provided which contain 

VR-373, ATCC VR-1246), Semliki Forest (ATCC VR-67, a 5* promoter which is capable of initiating the synthesis of 
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viral RNA in vitro from cDNA. Particularly, preferred 5' believed necessary for transcription of the subgenomic frag- 
pro moters include both eukaryotic and prokaryotic ment. This region (nucleotides 7579 to 7602) is hereinafter 
promoters, such as, for example, the 0-galactosidase referred to as the "minimal junction region core." 
promoter, trpE promoter, lacZ promoter, T7 promoter, T3 Within preferred embodiments of the invention (and as 
promoter, SP6 promoter, SV40 promoter, CMV promoter, 5 described in more detail below), the viral junction region is 
and MoMLV LTR. inactivated in order to prevent viral transcription of the 

2. SEQUENCES WHICH INITIATE TRANSCRIPTION subgenomic fragment. As utilized within the context of the 
As noted above, within preferred embodiments the present invention, "inactivated" means that the fragment 

alphavirus vector constructs of the present invention contain corresponding to the initiation point of the subgenomic 
a 5' sequence which is capable of initiating transcription of 10 fragment, as measured by a RNase protection assay, is not 

an alphavirus. Representative examples of such sequences detected. (Representative assays are described by Melton et 

include nucleotides 1-60, and to a lesser extent nucleotides al., Nuc, Acids Res, 12:7035-7056, 1984; Calzon et al., 

150-210, of the wild-type Sindbis virus (see FIG. 3), nucle- Methods in Enz. 152:611-632, 1987; and Kekule et al., 

otides 10-75 for tRNA Asparagine (Schlesinger et al., U.S. Nature 343:457-461, 1990.) 

Pat. No. 5,091309), and 5' sequences from other Togavi- 15 Within one embodiment of the invention, the viral junc- 

ruses which initiate transcription. tion region is inactivated by truncating the viral junction 

3. ALPHAVIRUS NONSTRUCTURAL PROTEINS region at nucleotide 7597 (i.e., the viral junction region will 
Alphavirus vector constructs of the present invention then consist of the sequence as shown in FIG. 3, from 

should also contain sequences which encode alphavirus nucleotide 7579 to nucleotide 7597). This truncation pre- 

nonstructural proteins (NSPs). As an example, for Sindbis 20 vents transcription of the subgenomic fragment, and addi- 

virus there are four nonstructural proteins, NSP1, NSP2, tionally permits synthesis of the complete NSP4 region 

NSP3 and NSP4, which encode proteins that enable the virus (which is encoded by nucleotides 5928 to 7579). 

to self- replicate. Nonstructural proteins 1 through 3 As will be evident to one of ordinary skill in the art given 

(NSP1-NSP3) are, within one embodiment of the invention, the disclosure provided herein, a wide variety of other 

encoded by nucleotides 60 to 5750 of the wild-type Sindbis 25 deletions, substitutions or insertions may also be made in 

virus (see FIG. 3). These proteins are produced as a polypro- order to inactivate the viral junction region. For example, 

tein and later cleaved into nonstructural proteins NSP1, within other embodiments of the invention the viral junction 

NSP2, and NSP3. NSP4 is, within one embodiment, region may be further truncated into the region which 

encoded by nucleotides 5928 to 7579 (see FIG. 3). encodes NSP4, thereby preventing viral transcription from 

It will be evident to one of ordinary skill in the art that a 30 the subgenomic fragment while retaining the biological 

wide variety of sequences which encode alphavirus non- activity of NSP4. Alternatively, within other embodiments, 

structural proteins, in addition to those discussed above, may due to the redundancy of the genetic code, nucleotide 

be utilized in the present invention, and are therefore substitutions may be made in the sequence encoding NSP4, 

deemed to fall within the scope of the phrase "Alphavirus the net effect of which does not alter the biological activity 

Nonstructural Proteins." For example, within one embodi- 35 of NSP4 yet, nevertheless, prevents transcription of the 

ment of the invention, due to the degeneracy of the genetic subgenomic fragment. 

code, more than one codon may code for a given amino acid. 5. ALPHAVIRUS RNA POLYMERASE RECOGNI- 

Therefore, a wide variety of nucleic acid sequences which TION SEQUENC,. AND POLY-A TAIL 

encode alphavirus nonstructural proteins may be generated. As noted above, alphavirus vector constructs of the 

Within other embodiments of the invention, a variety of 40 present invention should also include an alphavirus RNA 

other nonstructural protein derivatives may be made, inchid- polymerase recognition sequence (also termed "alphavirus 

ing for example, various substitutions, insertions, or replicase recognition sequence"). Briefly, the alphavirus 

deletions, the net result of which do not alter the biological RNA polymerase recognition sequence provides a recogni- 

activity of the alphavirus nonstructural proteins. Within the tion site at which the virus begins replication by synthesis of 

context of the present invention, alphavirus nonstructural 45 the negative strand. A wide variety of sequences may be 

proteins are deemed to be "biologically active" in toto if they utilized as an alphavirus RNA polymerase recognition 

promote the self-replication of the vector construct Self- sequence. For example, within one embodiment, Sindbis 

replication, which refers to replication of viral nucleic acids vector constructs of the present invention include a Sindbis 

and not the production of infectious virus, may be readily polymerase recognition sequence which is encoded by 

determined by metabolic labelling or RNase protection 50 nucleotides 11,647 to 11,703 (see FIG. 3). Within other 

assays performed over a course of time. Methods for making embodiments, the Sindbis polymerase recognition is trun- 

such derivatives may be readily accomplished by one of cated to the smallest region which can still function as a 

ordinary skill in the art given the disclosure provided herein recognition sequence (e.g., nucleotides 11,684 to 11,703 of 

(see also, Molecular Cloning; A Laboratory Manual (2d. FIG. 3). 

ed.), Cold Spring Harbor Laboratory Press). 55 Within preferred embodiments of the invention, the vector 

4. VIRAL JUNCTION REGIONS construct may additionally contain a poIyA tail. Briefly, the 
Within this aspect of the invention, the alphavirus vector polyA tail may be of any size which is sufficient to promote 

constructs may also include a viral junction region which stability in the cytoplasm, thereby increasing the efficiency 

has been inactivated, such that viral transcription of the of initiating the viral life cycle. Within various embodiments 

subgenomic fragment is prevented. Briefly, the alphavirus 60 of the invention, the polyA tail comprises at least 10 

viral junction region normally controls transcription initia- adenosine nucleotides, and most preferably, at least 25 

tion of the subgenomic mRNA. In the case of the Sindbis adenosine nucleotides. 

virus, the normal viral junction region typically begins at D. OTHER ALPHAVIRUS VECTOR CONSTRUCTS 

approximately nucleotide number 7579 and continues In addition to the vector constructs which are generally 

through at least nucleotide number 7612 (and possibly 65 described above, a wide variety of other alphavirus vector 

beyond). At a minimum, nucleotides 7579 to 7602 (5'-ATC constructs may also be prepared utilizing the disclosure 

TCTACG GTG GTC CTAAATAGT -SEQ. ID NO. 2) are provided herein. 
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1. MODIFIED VIRAL JUNCTION REGIONS inserted downstream in tandem to the inactivated junction 
As noted above, the present invention provides viral region. In order to gradually increase the level of subge- 

junction regions which have been modified from the wild- nomic transcription for the desired effect, sequences corre- 

type sequence. Within the context of the present invention, sponding to the entire junction region may be added to the 

modified viral junction regions should be understood to 5 in-tandem junction region, in increments, 
include junction regions which have wild-type activity, but 3. THE ADENOVIRUS E3 GENE 
a non-wild-type sequence, as well as junction regions with Within another aspect of the invention, an adenovirus E3 

increased, decreased, or no activity. For example, within one gene is inserted into a tandem vector construct following the 

aspect of the invention, alphavirus vector constructs are second viral junction region, in order to down-regulate HLA 

provided wherein the viral junction region has been 10 expression in alphavirus infected cells. Briefly, within vari- 

modified, such that viral transcription of the subgenomic ous embodiments of the invention, repeated inoculations of 

fragment is reduced. Briefly, infection of cells with wild- a gene therapeutic into the same individual is desirable, 

type alphavirus normally results in cell death as a result of However, repeated inoculations of alphaviruses such as the 

abundant viral transcription of the subgenomic fragment Sindbis virus may lead to the development of specific 

initiated from the viral junction region. This large abundance 15 antibodies or cell-mediated immune response against Sind- 

of RNA molecules can overwhelm the transcriptional bis viral nonstructural proteins (NSPs). Thus, it may be 

machinery of the infected cell, ultimately resulting in death necessary to mitigate the host immune response targeted to 

of the cell. In applications where it is desired that infection vector-specific proteins in order to administer repeated doses 

of a target cell should result in a therapeutic effect (e.g., to the same individual. 

strand scission of a target nucleic acid or prolonged expres- 20 Therefore, within one embodiment of the invention, prod- 

sion of a heterologous protein) rather than cell death, several ucts of the Adenovirus type 2 early region gene 3 are utilized 

modifications to the alphavirus vector construct (in addition in order to down-regulate the expression of integral bisto- 

to inactivating the vector construct, as described above) may compatibility antigens expressed on the surface of infected 

be made in order to reduce the level of viral transcription of cells. Briefly, the E3 19,000 dalton (E3/19K) protein binds 

the subgenomic fragment, and thereby prolong the life of the 25 to, and forms a molecular complex with, class I H-2/HLA 

vector infected target cell. Within the context of the present antigens in the endoplasmic reticulum, preventing terminal 

invention, viral transcription of the subgenomic fragment is glycosylation pathways necessary for the full maturation and 

considered to be "reduced" if it produces less subgenomic subsequent transport of the class I H-2/HLA antigens to the 

fragment than a standard wild-type alphavirus (e.g., Sindbis cell membrane. In target cells infected with an alphavirus 

virus ATCC No. VR-1248) as determined by a RNase 30 vector encoding the Ad 2 E3 protein, co-expression of the 

protection assay. viral nonstructural proteins in the context of class I antigens 

Viral junction regions may be modified by a variety of will not occur. Thus, it is possible to administer repeated 

methods in order to reduce the level of viral transcription of doses of an alphavirus vector which expresses the Ad 2 E3 

the subgenomic fragment For example, within one embodi- protein as a component of its therapeutic palliative to the 

ment of the invention, due to the redundancy of the genetic 35 same individual. A representative example of the use of the 

code nucleotide substitutions may be made in the viral Adenovirus E3 gene is set forth in more detail below in 

junction region 7579 to 7597, the net effect of which does Example 4A. 
not alter the amino acid sequence NSP4 (or, within other 4. THE CMV H301 GENE 

embodiments, the biological activity of NSP4), and yet Other methods may also be utilized in order to mitigate a 

reduces the level of viral transcription of the subgenomic 40 host's immune response against viral NSPs. For example, 

fragment If the modified vector construct includes nucle- within another aspect of the invention, the human cytome- 

otides beyond 7597 (e.g., to 7602 or 7612), further nucle- galovirus ("HCMV") H301 gene is cloned into an alphavirus 

otide substitutions may likewise be made, although, since vector construct, preferably immediately following the sec- 

NSP4 terminates at 7597, such substitutions need not be ond viral junction region in a tandem vector, in order to 

based upon genetic redundancy. Representative examples of 45 inhibit host CTL response directed against viral specific 

modified viral junction regions are described in more detail proteins expressed in vector infected cells, 
below in Example 3. Briefly, 2-Microglobulin (2m) protein binds to the 1, 2 

2. TANDEM VIRAL JUNCTION REGIONS and 3 domains of the alpha-chain of the class I major 
Within other aspects of the invention, alphavirus vector histocompatibility molecules of higher eukaryotes. Prevent- 

constructs are provided, which comprise a 5' sequence so ing the interaction between 2m and MHC class I products 
which is capable of initiating transcription of an alphavirus, renders infected cells unrecognizable by cytotoxic T cells, 
a nucleotide sequence encoding alphavirus non-structural Therefore, as described in greater detail below in Example 
proteins, a first viral junction region which has been inac- 4B, expression of the HCMV H301 gene product as a 
tivated such that viral transcription of the subgenomic component of a therapeutic palliative may be utilized in 
fragment is prevented, a second viral junction region which 55 order to mitigate the host immune response to viral NSP. 
is active, or which has been modified such that viral tran- 5. NONALPHAVIRUS PACKAGING SEQUENCE 
scription of the subgenomic fragment is reduced, and an Within another aspect of the invention, a packaging 
alphavirus RNA polymerase recognition sequence. Such sequence derived from a virus other than an alphavirus (for 
vector constructs are referred to as "tandem" vector con- example, retrovirus, coronavirus, hepatitis B virus) is 
structs because they comprise a first inactivated (or 60 inserted into a tandem vector and positioned between the 
"disabled") viral junction region, as well as a second modi- first (inactivated) viral junction region and the second, 
tied ("synthetic") or unmodified viral junction region. modified viral junction region. Briefly, nonalphavirus pack- 
Within preferred embodiments of the invention, the inacti- aging sequences signal the packaging of an RNA genome 
vated junction region is followed directly by the second viral into a virus particle corresponding to the source of the 
junction region. 65 packaging sequence. For example, and as described in more 
In applications where a low level of subgenomic tran- detail below, a retroviral packaging sequence may be uti- 
scription is required, a minimal junction region core may be lized in order to package an alphavirus vector into a retro- 
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viral particle using a retroviral packaging cell line. This is gous gene(s) which can be inserted into the subgenomic 
performed in order to increase the efficiency of alphavirus mRNA region, as described here, is limited only by the 
vector transfer into an alphavirus packaging cell line, or to packaging constraints of the vector, 
alter the cell or tissue tropism of the alphavirus vector. Different sequences which allow either ribosome 
6. EXPRESSION OF MULTIPLE HETEROLOGOUS 5 readthrough, cap-independent translation, or internal ribo- 
GENES some entry may be placed into Sindbis vectors 
The genomic length and subgenomic length of mRNAs pKSSINBVdlJR, pKSSINBV, pKSSINBVdlJRsjrc, or vec- 
transcribed in wild-type alphavirus infected cells are tors encompassed by the eukaryotic layered vector initiation 
polycistronic, coding for, respectively, the viral four non- system, in the configurations as discussed above. The source 
structural proteins (NSPs) and four structural proteins (SPs). 10 of these translation control sequences are the picornaviruses 
The genomic and subgenomic mRNAs are translated as polio and EMCV, the 5* noncoding region of the human 
polyproteins, and processing into the individual nonstruc- immunoglobulin heavy-chain binding protein, and a syn- 
tural and structural proteins is accomplished by post- thetic sequence of at least 15 bps corresponding in part to the 
translational proteolytic cleavage, catalyzed by viral Kozak consensus sequence for efficient translational initia- 
e needed NSP- and SP- specific proteases, as well as cellular 15 tion. Although not described in detail here, these signals 
proteases. which affect translation initiation can also be placed down- 
In certain applications of the alphavirus vectors described stream of the junction region and between heterologous 
herein, the expression of more than one heterologous gene genes in all of the modified junction region vectors 
is desired. For example, in order to treat metabolic disorders described in Example 3. 

such as Gaucher's syndrome, multiple administrations of 20 As noted above, the alphavirus cDNA vector construct 
alphavirus vectors or particles may be required, since dura- also includes a 3' sequence which controls transcription 
tion of the therapeutic palliative may be limited. Therefore, termination. A representative example of such a sequence is 
with certain embodiments of the invention it may be desir- set forth in more detail below in Examples 2 and 3. 
able to co-express in a target cell the Ad 2 E3 gene (see 7. TISSUE SPECIFIC EXPRESSION 
Example 4), along with a therapeutic palliative, such as the 25 Within other aspects of the present invention, alphavirus 
ghicocerebrosidase gene (see Example 17). In wild-type vector constructs are provided which are capable of express- 
virus, however, the structural protein ("SP") polycistronic ing a desired heterologous sequence only in a selected tissue, 
message is translated into a single polyprotein which is One such representative example is shown in FIG. 20. 
subsequently processed into individual proteins by cleavage Briefly, as shown in FIG. 20A, a recombinant alphavirus 
with SP-encoded proteases. Thus, expression of multiple 30 vector is constructed such that upon introduction of the 
heterologous genes from a polycistronic message requires a vector (FIG. 20A) into a target cell, internal inverted repeat 
mechanism different from the wild-type virus, since the SP sequences which flank the transcriptional control regions 
protease gene, or the peptides recognized for cleavage, are (e.g., modified junction region) loop out (see FIG. 20B), 
not present in the replacement region of the alphavirus thereby preventing viral transcription of subgenomic 
vectors. 35 sequences ("G.O.I.") from the synthetic junction region. 

Therefore, within one embodiment of the invention On the other hand, activation of the vector can be attained 

alphavirus vectors may be constructed by placing appropri- if the inverted repeats are designed to also hybridize to a 

ate signals either ribosome readthrough or internal ribosome specific cellular RNA sequence which is characteristic of a 

entry between cistrons. One such representative method of selected tissue or cell type. Such cellular RNA disrupts the 

expressing multiple heterologous genes is set forth below in 40 disabling stem loop structure, thereby allowing the forma- 

Example 5. tion of a more stable secondary stem loop structure (FIGS. 

In yet another embodiment of the invention, the place- 20C and 20D). This secondary stem loop structure allows 

ment of signals promoting either ribosome readthrough or transcription of the sub-genomic message by placing the 

internal ribosome entry immediately downstream of the junction region back into its correct positional configuration, 

disabled junction region vector pKSSINBVdlJR is 45 Full-length alphavirus vectors can also be transcribed 

described (see Examples 3 and 5). In this vector using the secondary stem loop structure by taking advantage 

configuration, synthesis of subgenomic message cannot of the ability of the viral polymerase to switch templates 

occur, however, the heterologous proteins are expressed during synthesis of the negative strand using a strand 

from genomic length mRNA by either ribosomal hopping mechanism termed copy choice (King, RNA genet- 

readthrough (scanning) or internal ribosome entry. Relative 50 ics H, CRC Press, Inc., Boca Raton Fla., Domingo et al. 

to wild-type, the low level of viral transcription with this (ed.), pp. 150-185, 1988). Once a single successful round of 

alphavirus vector would prolong the life of the infected transcription has occurred, the resulting RNA transcript does 

target cell. not contain inverted repeats because they are deleted as a 

In still another embodiment of the invention, placement of result of the polymerase copy choice event. This newly 

signals promoting either ribosome readthrough or internal 55 synthesized RNA molecule now functions as the primary 

ribosome entry immediately downstream of the RNA vector transcript which will transcribe and express as 

pKSSINBVdlJRsjr or pKSSINBV vectors is described. any other non-disabled genomic alphavirus vector previ-. 

Briefly, since synthesis of subgenomic mRNA occurs in cells ously described. In this RNA vector configuration, tissue or 

infected with the pKSSINBVdlJRsjr and pKSSINBV cell-specific activation of the disabled Sindbis vector can be 

vectors, placement of either a ribosome readthrough 60 achieved if specific RNA sequences, present only in the 

sequence or an internal ribosome entry sequence between targeted cell or tissue types, are used in the design of the 

the two heterologous genes permits translation of both inverted repeats. In this fashion alphaviruses such as Sindbis 

proteins encoded by the subgenomic mRNA polycistronic can be engineered to be tissue-specific expression vectors 

message. Further, additional heterologous genes can be using similar inverted sequences described above, 

placed in the subgenomic MnRNA region, provided that a 65 Using this vector system to achieve tissue specific expres- 

suitable translation initiation signal resides at the 5* end of sion enables a therapeutic alphavirus vector or particle to be 

the translational AUG start codon. The number of heterolo- delivered systemically into a patient. If the vector should 
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infect a cell which does not express the appropriate RNA present invention. Preferably, the nucleotide sequences 
species, the vector will only be capable of expressing should be of a size sufficient to allow production of viable 
nonstructural proteins and not the gene of interest. virus. Within the context of the present invention, the 
Eventually, the vector will be harmlessly degraded. production of any measurable titer, for example, by plaque 
Use of the above-described vectors enables virtual tissue- 5 assay, luciferase assay, or p-galactosidase assay, of infec- 
specific expression possible for a variety of therapeutic tious virus on appropriate susceptible monolayers, is con- 
applications, including for example, targeting vectors for the sidered to be "production of viable virus." This may be, at 
treatment for various types of cancers. This rationale relies a minimum, an alphavirus vector construct which does not 
on specific expression of tumor-specific markers such as the contain any additional heterologous sequence. However, 
carcinoembryonic tumor specific antigen (CEA) and the 10 within other embodiments, the vector construct may contain 
alpha-fetoprotein tumor marker. Briefly, utilizing such additional heterologous or foreign sequences. Within pre- 
tumor-specific RNA to target specific tumors allows for the ferred embodiments, the heterologous sequence will com- 
tumor-specific expression of toxic molecules, Iymphokines prise a heterologous sequence of at least about 100 bases, 2 
or pro-drugs discussed below. Such methods may be utilized kb, 3.5 kb, 5 kb, 7 kb, or even a heterologous sequence of 
for a wide variety of tumors, including for example, is at least about 8 kb. 

colorectal, lung, breast, ovary, bladder and prostate cancers As will be evident to one of ordinary skill in the art given 

because all these tumors express the CEA. One representa- the disclosure provided herein, the efficiency of packaging 

tive illustration of vectors suitable for use within this aspect and hence, viral titer, is to some degree dependent upon the 

of the present invention is set forth in more detail below in size of the sequence to be packaged. Thus, in order to 

Example 16. 20 increase the efficiency of packaging and the production of 

Briefly, CEA was one of the first tumor-specific markers viable virus, additional non-coding sequences may be added 

to be described, along with the alpha-fetoprotein tumor to the vector construct. Moreover, within certain embodi- 

marker. CEA is a normal glycoprotein in the embryonic ments of the invention it may be desired to increase or 

tissue of the gut, pancreas and fiver during the first two decrease viral titer. This increase or decrease may be accom- 

trimesters of fetal development (Pathologic Basis of 25 plished by increasing or decreasing the size of the beterolo- 

Disease, 3rd edition 1984, Robbins et al. (eds.)). Previously, gous sequence, and hence the efficiency of packaging. 

CEA was believed to be specific for adenocarcinomas of the A wide variety of heterologous sequences may be 

colon, however, with the subsequent development of more included in the vector construct, including for example 

sensitive radioimmunoassays it became apparent that CEA sequences which encode palliatives such as Iymphokines, 

was presented in the plasma with many endodermally 30 toxins, prodrugs, antigens which stimulate an immune 

derived cancers, particularly pancreatic, gastric and bronco- response, ribozymes, and proteins which assist or inhibit an 

genie. immune response, as well as antisense sequences (or sense 

Within related aspects of the present invention, alphavirus sequences for "antisense applications"). As noted above, 

cell-specific expression vectors may be constructed to within various embodiments of the invention the alphavirus 

express viral antigens, ribozyme, antisense sequences or 35 vector constructs provided herein may contain (and express, 

immunostimulatory factors such as gam ma -interferon within certain embodiments) two or more heterologous 

(y-IFN), IL-2 or IL-5 for the targeted treatment of virus sequences, 

infected cell types. In particular, in order to target alphavirus 1. LYMPHOKINES 

vectors to specific foreign organism or pathogen-infected Within one embodiment of the invention, the heterolo- 

cells, inverted repeats of the alphavirus vector may be 40 gous sequence encodes a lymphokine. Briefly, Iymphokines 

selected to hybridize to any pathogen-specific RNA, for act to proliferate, activate, or differentiate immune effectors 

instance target cells infected by pathogens such as HIV, cells. Representative examples of Iymphokines include 

CMV, HBV, HPV and HSV. gamma interferon, tumor necrosis factor, IL-1, IL-2, IL-3, 

Within yet other aspects of the invention, specific organ IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IH0, IL-11, IL-12, 

tissues may be targeted for the treatment of tissue-specific 45 IL-13, IL-14, IL-15, GM-CSF, CSF-1 and G-CSF. 

metabolic diseases utilizing gene replacement therapies. For Within related embodiments of the invention, the heter- 

example, the liver is an important target tissue because it is ologous sequence encodes an immunomodulatory cofactor. 

responsible for many of the body's metabolic functions and Briefly, as utilized within the context of the present 

is associated with many metabolic genetic disorders. Such invention, "immunomodulatory cofactor" refers to factors 

diseases include many of the glycogen storage diseases, 50 which, when manufactured by one or more of the cells 

phenylketonuria, Gaucher's disease and familial hypercho- involved in an immune response, or when added exog- 

lesterolemia Presently there are many liver-specific enzymes enously to the cells, causes the immune response to be 

and markers which have been sequenced which may be used different in quality or potency from that which would have 

to engineer appropriate inverted repeats for alphavirus vec- occurred in the absence of the cofactor. The quality or 

tors. Such liver-specific cDNAs include sequences encoding 55 potency of a response may be measured by a variety of 

for S-adenosylmethione synthetase (Horikawa et al., Bio- assays known to one of skill in the art including, for 

cherru Int. 25:81, 1991); lecithin: cholesterolacyl transferase example, in vitro assays which measure cellular prolifera- 

(Rogne et al., Biochem. Biophys. Res. Common. 148:161, tion (e.g., 3 H thymidine uptake), and in vitro cytotoxic 

1987); as well as other liver-specific cDNAs (Chin et al., assays (e.g., which measure 51 Cr release) (see Warner et al., 

Ann. N.Y.Acad. ScL 478:120, 1986). Such a liver-specific 60 AIDS Res. and Human Retroviruses 7:645-655, 1991). 

alphavirus vector could be used to deliver the low density Representative examples of immunomodulatory 

lipoprotein receptor (Yamamoto et al., Cell 39:27, 1984) to co-factors include alpha interferon (Finter et al., Drugs 

liver cells for the treatment of familial hypercholesterolemia 42(5):749-765, 1991; U.S. Pat. No. 4,892,743; U.S. Pat. No. 

(Wilson et al., Mol Biol. Med. 7:223, 1990). 4,966,843; WO 85/02862; Nagata et al., Nature 

E. HETEROLOGOUS SEQUENCES 65 284:316-320, 1980; Familletti et al., Methods in Enz. 

As noted above, a wide variety of nucleotide sequences 78:387-394, 1981; Twu et al., Proc Natl Acad Set USA 

may be carried by the alphavirus vector constructs of the 86:2046-2050, 1989; Faktor et al., Oncogene 5:867-872, 
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1990) , beta interferon (Seif et al., J. Virol. 65:664-671, transduced with these vectors will become more effective 

1991) , gamma interferons (Radford etal., American Society antigen-presenting cells. The HBV core-specific OIL 
of Hepatology:2008-2Q15, 1991; Watanabe et al., PNAS response will be augmented from the fully activated CD8* 
86:9456-9460, 1989; Gansbacher et al., Cancer Research T cell via the costimulatory ligand B7/BB1. 
50:7820-7825, 1990; Maio et al., Cart Immunol Immu- s 2. TOXINS 

nother. 30:34-42, 1989; U.S. Pat. Nos. 4,762,791 and 4,727, Within another embodiment of the invention, the heter- 
138), G-CSF (TJ.S. Pat. Nos. 4,999,291 and 4,810,643), ologous sequence encodes a toxin. Briefly, toxins act to 
GM-CSF(W085AH188),TWs(Jayai^anetal.,J./i«mw- directly inhibit the growth of a cell. Representative 
nology 144:942-951, 1990), Interleukin-2 (IL-2) (Karupiah examples of toxins include ricin (Lamb et al., Eur. J. 
et al.,7. Immunology 144:290-298, 1990; Weber et al., J. 10 Biochem. 148:265-270, 1985), abrin (Wood et al., Eur. J. 
Exp. Med. 166:1716-1733, 1987; Gansbacher et al.,/. Exp. Biochem. 198:723-732, 1991; Evensen et al., J. of Biol 
Med. 172:1217-1224, 1990; U.S. Pat No. 4,738,927), IL-4 Chem. 266:6848-6852, 1991; Collins et al., J. of Biol. Chem. 
(Tepper et al., Cell 57:503-512, 1989; Golumbek et al., 265:8665-8669, 1990; Chen et al., Fed of Eur. Biochem 
Science 254:713-716, 1991; U.S. Pat. No. 5,017,691), EL-6 . Soc. 309:115-118, 1992), diphtheria toxin (Tweten et al., /. 
(Brakenhof et al., J. Immunol. 139:4116-4121, 1987; WO 15 Biol Chem. 260:10392-10394, 1985), cholera toxin 
90/06370), IL-12, IL-15 (Grabstein et al., Science (Mekalanos et al., Nature 306:551-557, 1983; Sanchez and 
264:965-968, 1994; Genbank-EMBL Accession No. Holmgren, PNAS 86:481-485, 1989), gelonin (Stirpe et al., 
V03099), ICAM-1 (Altman et al., Nature 338:512-514, /. Biol Chem. 255:6947-6953, 1980), pokeweed (Irvin, 
1989), ICAM-2, LFA-1, LFA-3, MHC class I molecules, Pharmac. Ther. 21:371-387, 1983), antiviral protein 
MHC class II molecules, 2 -microglobulin, chaperones, CD3, 20 (Barbieri et al., Biochem, J. 203:55-59, 1982; Irvin et al., 
B7/BB 1, MHC linked transporter proteins or analogues Arch. Biochem. & Biophys. 200:418-425, 1980; Irvin, Arch. 
thereof. Biochem. & Biophys. 169:522-528, 1975), tritin, Shigella 
The choice of which immunomodulatory cofactor to toxin (Calderwood et al., PNAS 84:4364-4368, 1987; Jack- 
include within a alphavirus vector construct may be based son et al., Microb. Path. 2:147-153, 1987), Pseudomonas 
upon known therapeutic effects of the cofactor, or experi- 25 exotoxin A (Carroll and Collier, /. Biol Chem. 
mentally determined. For example, in chronic hepatitis B 262:8707-8711, 1987), herpes simplex virus thymidine 
infections alpha interferon has been found to be efficacious kinase (HSVTK) (Field et al., /. Gen. Virol 49:115-124, 
in compensating a patient's immunological deficit and 1980), and E. coh\ guanine phosphoribosyl transferase, 
thereby assisting recovery from the disease. Alternatively, a 3. PRO-DRUGS 

suitable immunomodulatory cofactor may be experimentally 30 Within other embodiments of the invention, the heterolo- 
detennined. Briefly, blood samples are first taken from gous sequence encodes a "pro-drug". Briefly, as utilized 
patients with a hepatic disease. Peripheral blood lympho- within the context of the present invention, "pro-drug" refers 
cytes (PBLs) are restimulated in vitro with autologous or to a gene product that activates a compound with little or no 
HLA-matched cells (e.g., EBV transformed cells), and trans- cytotoxicity into a toxic product. Representative examples 
duced with an alphavirus vector construct which directs the 35 of such gene products include HSVTK and VZVTTC (as well 
expression of an immunogenic portion of a hepatitis antigen as analogues and derivatives thereof), which selectively 
and the immunomodulatory cofactor. Stimulated PBLs are monophosphorylate certain purine arabinosides and substi- 
used as effectors in a CTL assay with the HLA-matched tuted pyrimidine compounds, converting them to cytotoxic 
transduced cells as targets. An increase in CTL response or cytostatic metabolites. More specifically, exposure of the 
over that seen in the same assay performed using HLA- 40 drugs ganciclovir, acyclovir, or any of their analogues (e.g., 
matched stimulator and target cells transduced with a vector F1AU, FLAC, DHPG) to HSVTK phospborylates the drug 
encoding the antigen alone, indicates a useful immuno- into its corresponding active nucleotide triphosphate form, 
modulatory cofactor. Within one embodiment of the Representative examples of other pro-drugs which may be 
invention, the immunomodulatory cofactor gamma inter- utilized within the context of the present invention include: 
feron is particularly preferred. 45 E. coli guanine phosphoribosyl transferase which converts 
Another example of an immunomodulatory cofactor is the thioxanthine into toxic thioxanthine monophosphate 
B7/BB1 costimulatory factor. Briefly, activation of the full (Besnard et al., Mol Cell Biol 7:4139-4141, 11987); alka- 
functional activity of T cells requires two signals. One signal line phosphatase, which will convert inactive phosphory- 
is provided by interaction of the antigen-specific T cell lated compounds such as mitomycin phosphate and 
receptor with peptides which are bound to major histocom- 50 doxorubicin-phosphate to toxic dephosphorylated com- 
patibility complex (MHC) molecules, and the second signal, pounds; fungal (e.g., Fusarium oxysporum) or bacterial 
referred to as costimulation, is delivered to the T cell by cytosine deaminase, which will convert 5-fluorocytosine to 
antigen-presenting cells. Briefly, the second signal is the toxic compound 5-fluorouracil (Mullen, PNAS 89:33, 
required for interleukin-2 (IL-2) production by T cells and 1992); carboxypeptidase G2, which will cleave the glutamic 
appears to involve interaction of the B7/BB 1 molecule on 55 acid from para-N-bis (2-chloroethyl) aminobenzoyl 
antigen-presenting cells with CD28 and CTLA-4 receptors glutamic acid, thereby creating a toxic benzoic acid mustard; 
on T lymphocytes (Linsley et al., /. Exp. Med., and Penicillin-V amidase, which will convert phenoxyac- 
173:721-730, 1991a, and/. Exp. Med., 174:561-570, 1991). etabide derivatives of doxorubicin and melphalan to toxic 
Within one embodiment of the invention, B7/BB1 may be compounds (sec generally, Vrudhula et al., J. of Med. Chem. 
introduced into tumor cells in order to cause costimulation 60 3 6(7): 9 19-923, 1993; Kern et al., Cane Immun. Immu- 
of CD8* T cells, such that the CD8 + T cells produce enough nother. 31(4):202-206, 1990). 
11^2 to expand and become fully activated. These CDS* T 4. ANTISENSE SEQUENCES 

cells can kill tumor cells that are not expressing B7 because Within another embodiment of the invention, the beter- 
costimulation is no longer required for further CTL function. ologous sequence is an antisense sequence. Briefly, anti- 
Vectors that express both the costimulatory B7/BB 1 factor 65 sense sequences are designed to bind to RNA transcripts, 
and, for example, an immunogenic HBV core protein, may and thereby prevent cellular synthesis of a particular protein 
be made utilizing methods which are described herein. Cells or prevent use of that RNA sequence by the cell. Represen- 
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tative examples of such sequences include antisense thymi- ponents no longer perform their regulatory functions and, 

dine kinase, antisense dihydrofolate reductase (Maher and hence, the cell may experience uncontrolled growth. Rep- 

Dolnick, Arch. Biochem. & Biophys. 253:214-220, 1987; resentative examples of altered cellular components include 

Bzik et al., PNAS 84:8360-8364, 1987), antisense HER2 ras*, p53*, Rb*, altered protein encoded by the Wilns' 

(Coussens et al., Science 230:1132-1139, 1985), antisense 5 tumor gene, ubiquitin*, mucin*, protein encoded by the 

ABL (Fainstein et al., Oncogene 4:1477-1481, 1989), anti- DCC, APC, and MCC genes, the breast cancer gene 

sense Myc (Stanton et al., Nature 310:423-425, 1984) and BRCA1*, as well as receptors or receptor-like structures 

antisense ras, as well as antisense sequences which block such as neu, thyroid hormone receptor, platelet derived 

any of the enzymes in the nucleotide biosynthetic pathway. growth factor (PDGF) receptor, insulin receptor, epidermal 

In addition, within other embodiments of the invention 1Q growth factor (EGF) receptor, and the colony stimulating 

antisense sequences to interferon and 2 microglobulin may factor (CSF) receptor. 

be utilized in order to decrease immune response. Within one embodiment of the present invention, alphavi- 

In addition, within a further embodiment of the invention, rus vector constructs are provided which direct the expres- 

antisense RNA may be utilized as an anti-tumor agent in sion of a non-tumorigenic, altered ras (ras*) gene. Briefly, 

order to induce a potent Class I restricted response. Briefly, the ras* gene is an attractive target because it is causally 

in addition to binding RNA and thereby preventing transla- linked to the neoplastic phenotype, and indeed may be 

tion of a specific mRNA, high levels of specific antisense necessary for the induction and maintenance of tumorigen- 

sequences are believed to induce the increased expression of esis in a wide variety of distinct cancers, such as pancreatic 

interferons (including gamma-interferon) due to the forma- carcinoma, colon carcinoma and lung adenocarcinoma. In 

tion of large quantities of double-stranded RNA. The addition, ras* genes are found in pre-neoplastic tumors and, 

increased expression of gamma interferon, in rum, boosts 20 therefore, immune intervention therapy may be appb'ed prior 

the expression of MHC Class I antigens. Preferred antisense to detection of a malignant tumor. 

sequences for use in this regard include actin RNA, myosin Normal ras genes are non-tumorigenic and ubiquitous in 

RNA, and histone RNA. Antisense RNA which forms a all mammals. They are highly conserved in evolution and 

mismatch with actin RNA is particularly preferred. appear to play an important role in maintenance of the cell 

5. RIBOZYMES 25 cycle and normal growth properties. The normal ras protein 
Within other aspects of the present invention, alphavirus is a G-protein which binds GTP and has GTPase activity, 

vectors are provided which produce ribozymes upon infec- and is involved in transmitting signals from the external 

tion of a host cell. Briefly, ribozymes are used to cleave milieu to the inside of the cell, thereby allowing a cell to 

specific RNAs and are designed such that it can only affect respond to its environment. Ras* genes on the other hand 

one specific RNA sequence. Generally, the substrate binding 20 auer the normal growth regulation of neoplastic cells by 

sequence of a ribozyme is between 10 and 20 nucleotides uncoupling cellular behavior from the environment, thus 

long. The length of this sequence is sufficient to allow a leading to the uncontrolled proliferation of neoplastic cells, 

hybridization with target RNA and disassociation of the Mutation of the ras gene is believed to be an early event in 

ribozyme from the cleaved RNA. Representative examples carcinogenesis (Kumar et 2!. f Science 248:1101-1104, 1990) 

for creating ribozymes include those described in U.S. Pat. 35 which, if treated early, may prevent turn oogenesis. 

Nos. 5,116,742; 5,225337 and 5,246,921. Particularly pre- Ras* genes occur in a wide variety of cancers, including 

ferred ribozymes for use within the present invention for example, pancreatic, colon, and lung adenocarcinomas, 

include those disclosed in more detail below in the The spectrum of mutations occurring in the ras* genes found 

Examples (e.g., Examples 18 and 19). in a variety of cancers is quite limited. These mutations alter 

6. PROTEINS AND OTHER CELLULAR CONSTITU- the GTPase activity of the ras protein by converting the 
ENTS 40 normal on/off switch to a constitutive ON position. Tum- 

Within other aspects of the present invention, a wide origenic mutations in ras* occur primarily (in vivo) in only 

variety of proteins or other cellular constituents may be 3 codons: 12, 13 and 61. Codon 12 mutations are the most 

carried by the alphavirus vector construct. Representative prevalent in both human and animal tumors, 

examples of such proteins include native or altered cellular Table 1 below summarizes known in vivo mutations 

components, as well as foreign proteins or cellular 45 (codons 12, 13 and 61) which activate human ras, as well as 

constituents, found in for example, viruses, bacteria, para- potential mutations which have in vitro transforming activ- 

sites or fungus. ity. Potential mutations with in vitro transforming activity 

(a) Altered Cellular Components were produced by the systematic substitution of amino acids 

Within one embodiment, alphavirus vector constructs are for the normal codon (e.g., other amino acids were substi- 

provided which direct the expression of an immunogenic, 50 tuted for the normal glycine at position 12). In vitro 

non-tumorigenic, altered cellular component As utilized mutations, while not presently known to occur in humans or 

herein, the term "immunogenic" refers to altered cellular animals, may serve as the basis for an anti-cancer imrauno- 

components which are capable, under the appropriate therapeutic if they are eventually found to arise in vivo, 
conditions, of causing an immune response. This response 

must be cell-mediated, and may also include a humoral 55 TABLE 1 

response. The term "non-tumorigenic** refers to altered 

cellular components which will not cause cellular transfer- amino acid substitutions that activate human ras 

mation or induce tumor formation in nude mice. The phrase proteins 

"altered cellular component** refers to proteins and other Am . r . ~. A , ^, 

„ , 4 - 4 . , . . r . , Amino Gly Gly Ala Gin Glu Asn Lys Asp 

cellular constituents which are either associated with ren- ^ 

dering a cell tumorigenic, or are associated with tumorigenic 60 Mutant 12 13 59 61 63 11 6 117 119 

cells in general, but are not required or essential for render- Codon 

ing the cell tumorigenic. 111 vivo ^1 Arg 

Before alteration, the cellular components may be essen- ~~ 

tial to normal cell growth and regulation and include, for ^ 

example, proteins which regulate intracellular protein 65 ^ 

degradation, transcriptional regulation, cell-cycle control, Scr 
and cell-cell interaction. After alteration, the cellular com- 
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Sri. USA 87:5863-5867, 1990; and Romano et al., Onco- 
TABLE 1-continued gene 4:1483-1488, 1990 (identification of a p53 mutation at 
codon 156 in human osteosarcoma derived cell line HOS- 

AMINO ACID SUBSTITUTIONS THAT ACTIVATE HUMAN RAS 

Certain alterations of the p53 gene may be due to certain 
specific toxins. For example, Bressac et al. (Nature 
in vitro Ala Ser Thr >fel Lys His Glu His 350:429-431, 1991) describes specific G to T mutations in 

A en Ala T~l_ A ™ /"I J., ' * 

codon 249 in patients affected with hepatocellular carci- 
noma. One suggested causative agent of this mutation is 
10 aflatoxin B lt a liver carcinogen which is known to be a food 
contaminant in Africa. 

Four regions of the gene that are particularly affected 
occur at residues 132-145, 171-179, 239-248, and 
272-286. Three "hot spots'* which are found within these 
15 regions that are of particular interest occur at residues 175, 
248 and 273 (Levine et al., Nature 351:453-456, 1991). 
These alterations, as well as others which are described 

above, result in the production of protein(s) which contain 

Alterations as described above result in the production of on ™ Vcl ^ nc f<f)- ™ e DOVel P^ins encoded by 

proteins containing novel coding sequence(s). The novel 20 ^ ^ UenceS ^^y be used as a marker of tumorigenic 
proteins encoded by these sequences) may be used as a ^ and an immune response directed against these novel 
marker of tumorigenic cells, and an immune response coding regions may be utilized to destroy tumorigenic cells 
directed against these novel coding regions may be utilized containing the altered sequence (p53*). 
to destroy tumorigenic cells containing the altered sequences ° nce a sequence encoding the altered cellular component 
(ras*). 25 has been obtamed, it is necessary to erisure that the sequence 

Within another embodiment of the present invention, encodes a non-tumorigenic protein. Various assays which 
alphavirus vector constructs are provided which direct the assess the tumorigenicity of a particular cellular component 
expression of an altered p53 (p53*) gene. Briefly, p53 is a are known and may easily be accomplished. Representative 
nuclear phosphoprotein which was originally discovered in assays include a rat fibroblast assay, tumor formation in nude 
extracts of transformed cells and thus was initially classified 30 mice or rats, colony formation in soft agar, and preparation 
as an oncogene (Linzer and Levine, Cell 17:43-52, 1979; of transgenic animal^ such as transgenic mice. 
Lane and Crawford, Nature 278:261-263, 1979). It was later Tumor formation in nude mice or rats is a particularly 
discovered that the original p53 cDNA clones were mutant important and sensitive method for determining the tumori- 
forms of p53 (Hinds et al., /. Virol 63:739-746, 1989). It genicity of a particular cellular component. Nude mice lack 
now appears that p53 is a tumor suppressor gene which 35 a functional cellular immune system (i.e., do not possess 
negatively regulates the cell cycle, and that mutation of this CTLs), and therefore provide a useful in vivo model in 
gene may lead to tumor formation. Of colon carcinomas that which to test the tumorigenic potential of cells. Normal 
have been studied, 75%-80% show a loss of both p53 non-tumorigenic cells do not display uncontrolled growth 
alleles, one through deletion and the other through point properties if infected into nude mice. However, transformed 
mutation. Similar mutations are found in lung cancer, and in 40 cells will rapidly proliferate and generate tumors in nude 
brain and breast tumors. mice. Briefly, in one embodiment the alphavirus vector 

The majority of p53 mutations (e.g., p53*\ p53* 2 , etc.) construct is administered to syngeneic murine cells, fol- 
are clustered between amino acid residues 130 to 290 (see lowed by injection into nude mice. The mice are visually 
Levine et al., Nature 351:453-^56, 1991; see also the examined for a period of 2 to 8 weeks after injection in order 
following references which describe specific mutations in 45 to determine tumor growth. The mice may also be sacrificed 
more detail: Baker et al., Science 244:217-221, 1989; Nigro and autopsied in order to determine whether tumors are 
et al., Nature 342:705-708, 1989 (p53 mutations cluster at present. (Giovanella et al., /. Natl Cancer Inst. 
four "hot spots" which coincide with the four highly con- 48:1531-1533, 1972; Furesz et al., Abnormal Cells, New 
served regions of the genes and these mutations are observed Products and Risk, Hopps and Petricciani (eds.), Tissue 
in human brain, breast, lung and colon tumors); Vbgelstein, 50 Culture Association, 1985; and Levenbook et al., jr. Biol 
Nature 348:681-682, 1990; Takahashi et al., Science Std. 13:135-141, 1985.) 

246:491-494, 1989; Iggpetal., Lancet 335:675-679, 1990; Tumorigenicity may also be assessed by visualizing 
James et al., Proa Natl Acad. Set USA 86:2858-2862, colony formation in soft agar (Macpherson and Montagnier, 
1989; Mackayetal.,Lancer 11: 1384-1385,1988; Kelmanet Vir. 23:291-294, 1964). Briefly, one property of normal 
al., Blood 74:2318-2324, 1989; Malkin et al., Science 55 non-tumorigenic cells is "contact inhibition" (i.e., cells will 
250:1233-1238, 1990; Baker et al., Cancer Res. stop proliferating when they touch neighboring cells). If 
50:7717-7722, 1991; Chiba et al., Oncogene 5:1603-1610, cells are plated in a semi-solid agar support medium, normal 
1990 (pathogenesis of early stage non-small cell lung cancer cells rapidly become contact inhibited and stop proliferating, 
is associated with somatic mutations in the p53 gene whereas tumorigenic cells will continue to proliferate and 
between codons 132 to 283); Prosser et al., Oncogene 60 form colonies in soft agar. 

5:1573-1579, 1990 (mutations in the p53 gene coding for Transgenic animals, such as transgenic mice, may also be 
amino acids 126 through 224 were identified in primary utilized to assess the tumorigenicity of an altered cellular 
breast cancer); Cheng and Hass, Mol Cell. Biol. component. (Stewart et al., Cell 38:627-637, 1984; Quaife 
10:5502-5509, 1990; Bartek et al., Oncogene 5:893-^899, et aL, Cell 48: 1023-1034, 1987; and Koike et al., Proc. Natl 
1990; Rodrigues et al., Proc. Natl Acad. Sci. USA 65 Acad. Sci USA 86:5615-5619, 1989.) In transgenic animals, 
87:7555-7559, 1990; Menon et al., Proc. Natl Acad. Sci. the gene of interest may be expressed in all tissues of the 
USA 87:5435-5439, 1990; Mulligan et al., Proc Natl. Acad animal. This dysregulated expression of the transgene may 
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serve as a model for the tumorigenic potential of the newly skill in the art that a variety of combinations can be made, 

introduced gene. Within preferred embodiments, this therapeutic may be 

If the altered cellular component is associated with mak- targeted to a particular type of cancer. For example, nearly 

ing the cell tumorigenic, then it is necessary to make the all colon cancers possess mutations in ras, p53, DCC APC 

altered cellular component non-tumorigenic. For example, 5 or MCC genes. An alphavirus vector construct which 

within one embodiment the sequence or gene of interest co-expresses a number of these altered cellular components 

which encodes the altered cellular component is truncated in may be administered to a patient with colon cancer in order 

order to render the gene product non-tumorigenic. The gene to treat all possible mutations. This methodology may also 

encoding the altered cellular component may be truncated to be utilized to treat other cancers. Thus, an alphavirus vector 

a variety of sizes, although it is preferable to retain as much 10 construct which co-expresses mucin*, ras*, neu, BRCA1* 

as possible of the altered cellular component. In addition, it and p53* may be utilized to treat breast cancer, 

is necessary that any truncation leave intact at least some of (b) Antigens from foreign organisms or other pathogens 

the immunogenic sequences of the altered cellular compo- Within other aspects of the present invention, alphavirus 

nent. Alternatively, multiple translational termination vector constructs are provided which direct the expression of 

codons may be introduced downstream of the immunogenic 15 immunogenic portions of antigens from foreign organisms 

region. Insertion of termination codons will prematurely or other pathogens. Representative examples of such anti- 

terminate protein expression, thus preventing expression of gens include bacterial antigens (e.g., £. coti, streptococcal, 

the transforming portion of the protein. staphylococcal, mycobacterial, etc.), fungal antigens, para- 

Within one embodiment, the ras* gene is truncated in sitic antigens, and viral antigens (e.g., influenza virus, 

order to render the ras* protein non-tumorigenic. Briefly, the 20 Human Inmnunodeflciency Virus ("HIV"), Hepatitis A, B 

carboxy-terrninal amino acids of ras* functionally allow the and C Virus ("HAV, "HBV" and "HCV, respectively), 

protein to attach to the cell membrane. Truncation of these Human Papiloma Virus ("HPV"), Epstein-Barr Virus 

sequences renders the altered cellular component non- ("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, 

tumorigenic. Preferably, the ras* gene is truncated in the TTLV I, HTLV II and Cytomegalovirus ("CMV"). As uti- 

purine ring binding site, for example around the sequence 25 lized within the context of the present invention, "immuno- 

which encodes amino acid number 110. The ras* gene genie portion** refers to a portion of the respective antigen 

sequence may be truncated such that as little as about 20 which is capable, under the appropriate conditions, of caus- 

amino acids (including the altered amino acid(s)) are ing an immune response (i.e., cell -mediated or humoral), 

encoded by the alphavirus vector construct, although "Portions" may be of variable size, but are preferably at least 

preferably, as many amino acids as possible should be 30 9 amino acids long, and may include the entire antigen, 

expressed (while maintaining non-tumorigenicity). Cell-mediated immune responses may be mediated through 

Within another embodiment, the p53* protein is modified Major Histocompatability Complex ("MHC") class I 

by truncation in order to render the cellular component presentation, MHC Class Q presentation, or both, 

non-tumorigenic. As noted above, not all mutations of the Within one aspect of the invention, alphavirus vector 

p53 protein are tumorigenic, and therefore, not all mutations 35 constructs are provided which direct the expression of 

would have to be truncated. Nevertheless, within a preferred immunogenic portions of Hepatitis B antigens. Briefly, the 

embodiment, p53* is truncated to a sequence which encodes Hepatitis B genome is comprised of circular DNA of about 

amino acids 100 to 300, thereby including all four major 3.2 lrilobases in length and has been well characterized 

"hot spots." (Tiollais et al., Science 213:406-^11, 1981; Tiollais et al., 

Other altered cellular components which are oncogenic 40 Nature 317:489-495, 1985; and Ganem and Varmus, Amu 

may also be truncated in order to render them non- Rev. Biochem. 56:651-693, 1987; see also EP 0 278,940, EP 

tumorigenic. For example, both neu and bcr/abl may be 0 241,021, WO 88/10301, and U.S. Pat Nos. 4,696,898 and 

truncated in order to render them non-tumorigenic. Non- 5,024,938, which are hereby incorporated by reference). The 

tumorigenicity may be confirmed by assaying the truncated Hepatitis B virus presents several different antigens, inchid- 

altered cellular component as described above. 45 ing among others, three HB "S" antigens (HBsAgs), an HBc 

It should be noted, however, that if the altered cellular antigen (HBcAg), an HBe antigen (HBeAg), and an HBx 

component is only associated with non-tumorigenic cells in antigen (HBxAg) (see Blum et al., J7G 5(5): 154-158, 1989). 

general, and is not required or essential for making the cell Briefly, the HBeAg results from proteolytic cleavage of a 

tumorigenic, then it is not necessary to render the cellular P22 pre -co re intermediate and is secreted from the cell, 

component non-tumorigenic. Representative examples of 50 HBeAg is found in serum as a 17 kD protein. The HBcAg 

such altered cellular components which are not tumorigenic is a protein of 183 amino acids, and the HBxAg is a protein 

include Rb*, ubiquitin*, and mucin*. of 145 to 154 amino acids, depending on subtype. 

As noted above, in order to generate an appropriate The HBsAgs (designated "large,** "middle" and "small") 

immune response, the altered cellular component must also are encoded by three regions of the Hepatitis B genome: S, 

be immunogenic. Immunogenicity of a particular sequence 55 pre-S2 and pre^Sl. The large protein, which has a length 

is often difficult to predict, although T cell epitopes often varying from 389 to 400 amino acids, is encoded by pre -SI, 

possess an immunogenic amphipathic alpha-helix compo- pre-S2, and S regions, and is found in glycosylated and 

nent. In general, however, it is preferable to determine non-glycosylated forms. The middle protein is 281 amino 

immunogenicity in an assay. Representative assays include acids long and is encoded by the pre-S2 and S regions. The 

an ELISA, which detects the presence of antibodies against 60 small protein is 226 amino acids long and is encoded by the 

the newly introduced vector, as well as assays which test for S region. It exists in two forms, glycosylated (GP 27 s ) and 

T helper cells such as gamma-interferon assays, IL-2 pro- non-glycosylated (P24 5 ). If each of these regions are 

duction assays, and proliferation assays. expressed separately, the pre-S 1 region will code for a 

As noted above, within another aspect of the present protein of approximately 119 amino acids, the pre-S2 region 

invention, several different altered cellular components may 65 will code for a protein of approximately 55 amino acids, and 

be co-expressed in order to form a general anti-cancer the S region will code for a protein of approximately 226 

therapeutic. Generally, it will be evident to one of ordinary amino acids. 
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As will be evident to one of ordinary skill in the art, of antibodies against the newly introduced vector, as well as 
various immunogenic portions of the above-described S assays which test for T helper cells, such as gamma- 
antigens may be combined in order to induce an immune interferon assays, IL-2 production assays and proliferation 
response when administered by one of the alphavims vector assays. 

constructs described herein. In addition, due to the large 5 Immunogenic portions may also be selected by other 

immunological variability that is found in different geo- methods. For example, the HLAA2.1 transgenic mouse has 

graphic regions for the S open reading frame of HBV, been shown to be useful as a model for human T-cell 

particular combinations of antigens may be preferred for recognition of viral antigens. Briefly, in the influenza and 

administration in particular geographic regions. Briefly, hepatitis B viral systems, the murine T cell receptor reper- 
epitopes that are found in all human hepatitis B virus S 10 toire recognizes the same antigenic determinants recognized 

samples are defined as determinant "a". Mutually exclusive by human T cells. In both systems, the CTL response 

subtype determinants, however, have also been identified by generated in the HLA A2.1 transgenic mouse is directed 

two-dimensional double immunodiffusion (Ouchterlony, toward virtually the same epitope as those recognized by 

Progr. Allergy 5:1, 1958). These determinants have been human CTLs of the HLAA2.1 haplotype (Vitiello et al.,/. 
designated "d" or "y" and V or "r" (LeBouvier, /. Infect, 15 Exp. Med. 173:1007-1015, 1991; Vitiello et al., Abstract of 

123:671, 1971; Bancroft et al., J. Immunol. 109:842, 1972; Molecular Biology of Hepatitis B Virus Symposia, 1992). 

and Courouce et al., BibL Haematol. 42:1-158, 1976). The Particularly preferred immunogenic portions for incorpo- 

immunological variability is due to single nucleotide sub- ration into alphavims vector constructs include HBeAg, 

stitutions in two areas of the hepatitis B virus S open reading HBcAg and HBsAgs, as described in greater detail below in 
frame, resulting in the following amino acid changes: (1) 20 Example 13. 

exchange of Iysine-122 to arginine in the Hepatitis B virus Additional immunogenic portions of the hepatitis B virus 

S open reading frame causes a subtype shift from d to y, and may be obtained by truncating the coding sequence at 

(2) exchange of argmine-160 to lysine causes the shift from various locations including, for example, the following sites: 

subtype r to w. In Africans, subtype ayw is predominant, Bst UI, Ssp I, Ppu Ml, and Msp I (Valenzuela et al., Nature 

whereas in the U.S. and northern Europe the subtype adw 2 25 280:815-19, 1979; Valenzuela et al., Animal Virus Genetics: 

is more abundant (Molecular Biology of the Hepatitis B ICN/UCLASymp. Mol Cell Biol, 1980, B. N. Fields and R. 

Virus, McLachlan (ed.), CRC Press, 1991). As will be Jaenisch (eds.), pp. 57-70, New York: Academic). Further 

evident to one of ordinary skill in the art, it is generally methods for determining suitable immunogenic portions as 

preferred to construct a vector for administration which is well as methods are also described below in the context of 

appropriate to the particular hepatitis B virus subtype which 30 hepatitis C. 

is prevalent in the geographical region of administration. As noted above, more than one immunogenic portion may 

Subtypes of a particular region may be determined by be incorporated into the alphavims vector construct For 

two-dimensional double immunodiffusion or, preferably, by example, an alphavims vector construct may express (either 

sequencing the S open reading frame of HBV virus isolated separately or as one construct) all or immunogenic portions 

from individuals within that region. 35 of HBcAg, HBeAg, HBsAgs, HBxAg, as well as immuno- 

Also presented by HBV are pol ("HBV pol"), ORF 5, and genie portions of HCV antigens. 
ORF 6 antigens. Briefly, the polymerase open reading frame 7. SOURCES FOR HETEROLOGOUS SEQUENCES 
of HBV encodes reverse transcriptase activity found in Sequences which encode the above-described proteins 
virions and core-like particles in infected livers. The poly- may be readily obtained from a variety of sources, including 
merase protein consists of at least two domains: the amino 40 for example, depositories such as the American Type Culture 
terminal domain which encodes the protein that primes Collection (ATCC, Rockville, Md.), or from commercial 
reverse transcription, and the carboxyl terminal domain sources such as British Bio-Technology Limited (Cowley, 
which encodes reverse transcriptase and RNase H activity. Oxford, England). Representative examples include BBG 12 
Immunogenic portions of HBV pol may be determined (containing the GM-CSF gene coding for the mature protein 
utilizing methods described herein (e.g., below and in 45 of 127 amino acids); BBG 6 (which contains sequences 
Example 13), utilizing alphavims vector constructs encoding gamma interferon), ATCC No. 39656 (which con- 
described below, and administered in order to generate an tains sequences encoding TNF), ATCC No. 20663 (which 
immune response within a warm-blooded animal. Similarly, contain sequences encoding alpha interferon), ATCC Nos. 
other HBV antigens, such as ORF 5 and ORF 6 (Miller et al., 31902, 31902 and 39517 (which contains sequences encod- 
Hepatology 9:322-327, 1989) may be expressed utilizing 50 ing beta interferon), ATCC No 67024 (which contain a 
alphavims vector constructs as described herein. Represen- sequence which encodes Interleukin-lb); ATCC Nos. 39405, 
tative examples of alphavims vector constructs utilizing 39452, 39516, 39626 and 39673 (which contains sequences 
ORF 5 and ORF 6 are set forth below in the examples. encoding Interleukin-2); ATCC Nos. 59399, 59398, and 

As noted above, at least one immunogenic portion of a 67326 (which contain sequences encoding Interleukin-3); 

hepatitis B antigen is incorporated into an alphavims vector 55 ATCC No. 57592 (which contains sequences encoding 

construct. The immunogenic portions) which are incorpo- Interleukin-4), ATCC Nos. 59394 and 59395 (which contain 

rated into the alphavims vector construct may be of varying sequences encoding Interleukin-5), and ATCC No. 67153 

length, although it is generally preferred that the portions be (which contains sequences encoding Interleukin-6). 

at least 9 amino acids long and may include the entire Sequences which encode altered cellular components as 

antigen. Immunogenicity of a particular sequence is often 60 described above may be readily obtained from a variety of 

difficult to predict, although T cell epitopes may be predicted sources. For example, plasmids which contain sequences 

utilizing computer algorithms such as TSITES that encode altered cellular products may be obtained from 

(Medlmmune, Maryland), in order to scan coding regions a depository such as the American Type Culture Collection 

for potential T-helper sites and CTL sites. From this analysis, (ATCC, Rockville, Md), or from commercial sources such 

peptides are synthesized and used as targets in an in vitro 65 as Advanced Biotechnologies (Columbia, Md.). Represen- 

cytotoxic assay. Other assays, however, may also be utilized, tative examples of plasmids containing some of the above - 

including, for example, ELISA, which detects the presence described sequences include ATCC No. 41000 (containing a 
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G to T mutation in the 12th oodon of ras), and ATCC No. eukaryotic layered vector initiation systems are provided 

41049 (containing a G to A mutation in the 12th codon). comprising a promoter which is capable of initiating the 5' 

Alternatively, plasmids which encode normal cellular synthesis of RNA from CDNA, a construct which is capable 

components may also be obtained from depositories such as of autonomous replication in a cell, the construct also being 

the ATCC (see, for example, ATCC No. 41001, which 5 capable of expressing a heterologous nucleic acid sequence, 

contains a sequence which encodes the normal ras protein; and a 3' sequence which controls transcription termination. 

ATCC No. 57103, which encodes abl; and ATCC Nos. Briefly, such eukaryotic layered vector initiation systems 

59120 or 59121, which encode the bcr locus) and mutated to provide a two-stage or "layered" mechanism which controls 

form the altered cellular component. Methods for expression of heterologous nucleotide sequences. The first 
mutagenizing particular sites may readily be accomplished 10 layer initiates transcription of the second layer, and com- 

using methods known in the art (see Sambrook et al., supra., prises a promoter which is capable of initiating the 5' 

153 etseq.). In particular, point mutations of normal cellular synthesis of RNA from cDNA (e.g., a 5 f promoter), a 3* 

components such as ras may readily be accomplished by transcription termination site, as well as one or more splice 

site-directed mutagenesis of the particular codon, for sites and/or a polyadenylation site, if desired. Representative 
example, codons 12, 13 or 61. 15 promoters suitable for use within the present invention 

Sequences which encode the above-described viral anti- include both eukaryotic (e.g., pol I, II, or DI) and prokaryotic 

gens may likewise be obtained from a variety of sources. For promoters, and inducible or non-inducible (i.e., constitutive) 

example, molecularly cloned genomes which encode the promoters, such as, for example, Murine Leukemia virus 

hepatitis B virus may be obtained from sources such as the promoters (e.g., MoMLV), metaUothionein promoters, the 
American Type Culture Collection (ATCC, RockvOle, Md.). 20 glucocorticoid promoter, Drosophila actin 5C distal 

For example, ATCC No. 45020 contains the total genomic promoter, SV 40 promoter, heat shock protein 65 promoter, 

DNA of hepatitis B (extracted from purified Dane particles) heat shock protein 70 promoter, immunoglobulin promoters, 

(see FIG. 3 of Brum et al., 77G 5(5):154-158, 1989) in the Mouse polyoma virus promoter ("Py"), reus sarcoma virus 

Bam HI site of pBR322 (Moriarty et al., Proc. Natl Acad. ("RSV"), BK virus and JC virus promoters, MMTV 

Sci. USA 78:2606-2610, 1981). 25 promoter, alphavirus junction region, CMV promoter, Aden- 

Altematively, cDNA sequences which encode the above- ovirus VA1RNA, rRNA promoter, tRNA methionine 

described heterologous sequences may be obtained from promoter, CaMV 35S promoter, nopaline synthetase 

cells which express or contain the sequences. Briefly, within promoter, and the lac promoter. The second layer comprises 

one embodiment, mRNA from a cell which expresses the a vector construct which is capable of expressing one or 

gene of interest is reverse transcribed with reverse tran- 30 more heterologous nucleotide sequences and of replication 

scriptase using oligonucleotide dT or random primers. The in a cell, either autonomously or in response to one or more 

single stranded cDNA may then be amplified by PCR (see factors. Within one embodiment of the invention, the second 

U.S. Pat. Nos. 4,683,202; 4,683,195 and 4,800,159. See also layer construct may be an alphavirus vector construct as 

PCR Technology: Principles and Applications for DNA described above. 

Amplification, Erlich (ed.), Stockton Press, 1989) utilizing 35 A wide variety of vector systems may be utilized as the 

oligonucleotide primers complementary to sequences on first layer of the eukaryotic layered vector initiation system, 

either side of desired sequences. In particular, a double- including for example, viral vector constructs developed 

stranded DNA is denatured by heating in the presence of from DNA viruses such as those classified in the Foxviridae, 

heat stable Taq polymerase, sequence -specific DNA primers, including for example canary pox virus or vaccinia virus 

dATP, dCTP, dGTP and dTTP. Double-stranded DNA is 40 (e.g., Fisher-Hoch et al., PNAS 86:317-321, 1989; Flexner 

produced when synthesis is complete. This cycle may be et al.,Ann. N.Y.Acad. Sci. 569:86-103, 1989; Flexner et al., 

repeated many times, resulting in a factorial amplification of Vaccine 8:17-21, 1990; U.S. PaL Nos. 4,603,112, 4,769330 

the desired DNA. and 5,017,487; WO 89/01973); Papoviridae such as BKV, 

Sequences which encode the above -described proteins JCV or SV40 (e.g., Mulligan et al., Nature 277:108-114, 

may also be synthesized, for example, on an Applied Bio- 45 1979); Adenoviridae, such as adenovirus (e.g., Berkner, 

systems Inc. DNA synthesizer (e.g., APB DNA synthesizer Biotechniques 6:616-627, 1988; Rosenfeld et al., Science 

model 392 (Foster City, Calif.)). 252:431-434, 1991); Parvoviridae, such as adeno-associated 

F. EUKARYOTIC LAYERED VECTOR INITIATION virus (e.g., Samulski et al., J. Vir. 63:3822-3828, 1989; 

SYSTEMS Mendelson et al., Virol. 166:154-165, 1988; PA 7/222,684); 

Due to the size of a full-length genomic alphavirus cDNA 50 Herpesviridae, such as Herpes Simplex Virus (e.g., Kit, Adv. 

clone, in vitro transcription of full-length RNA molecules is Exp. Med. Biol. 215:219-236, 1989); and Hepadnaviridae 

rather inefficient. This results in a lowered transection (e.g., HBV), as well as certain RNA viruses which replicate 

efficiency, in terms of infectious centers of virus (as mea- through a DNA intermediate, such as the Retroviridae (see, 

sured by plaque formation), relative to the amount of in vitro e.g., U.S. Pat. No. 4,777,127, GB 2^00,651, EP 0,345,242 

transcribed RNA transfected. Such inefficiency is also rel- 55 and W09 1/02805; Retroviridae include leukemia in viruses 

evant to the in vitro transcription of alphavirus expression such as MoMLV and immunodeficiency viruses such as 

vectors. Testing of candidate cDNA clones and other HIV, e.g., Poznansky, J. Virol. 65:532-536, 1991). 

alphavirus cDNA expression vectors for their ability to Similarly, a wide variety of vector systems may be 

initiate an infectious cycle or to direct the expression of a utilized as second layer of the eukaryotic layered vector 

heterologous sequence would thus be greatly facilitated if a 60 initiation system, including for example, vector systems 

cDNA clone was transfected into susceptible cells as a DNA derived from viruses of the following families: Picornaviri- 

molecule, which then directed the synthesis of viral RNA in dae (e.g., poliovirus, rhinovirus, coxsackieviruses), 

vivo. Caliciviridae, Togaviridae (e.g. alphavirus, rubella), Fla- 

Therefore, within one aspect of the present invention viviridae (e.g., yellow fever), Coronaviridae (e.g., HCV, 

DNA-based vectors (referred to as "Eukaryotic Layered 65 TGEV, IBV, MHV, BCV), Bunyaviridae, Arenaviridae, Ret- 

Vector Initiation Systems") are provided which are capable roviridae (e.g., RSV, MoMLV, HIV, HTLV), hepatitis delta 

of directing the synthesis of viral RNA in vivo. In particular, virus and Astrovirus. In addition, non-mammalian RNA 
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viruses (as well as components derived therefrom) may also ScL USA 84:7413-7417, 1989), direct DNA injection 

be utilized, including for example, bacterial and bacterioph- (Acsadi et al., Nature 352:815-818, 1991); microprojectile 

age replicases, as well as components derived from plant bombardment (Williams et al., PNAS 88:2726-2730, 1991); 

viruses, such as potexvimses (e.g., PVX), carlaviruses (e.g., liposomes of several types (see, e.g., Wang et al., PNAS 

PVM), tobraviruses (e.g., TRV, PEBV, PRV), Tobamovi- 5 84:7851-7855, 1987); CaP0 4 (Dubensky et al., PNAS 

ruses (e.g., TM V, ToMV, PPMV), hiteoviruses (e.g., PLRV), 81:7529-7533, 1984); DNA ligand (Wu et al, J. of Biol 

potyviruses (e.g., TEV, PPV, PVY), tombusviruses (e.g., Chem. 264:16985-16987, 1989); administration of nucleic 

CyRSV), nepoviruses (e.g., GFLV), bromoviruses (e.g., acids alone (WO 90/11092); or administration of DNA 

BMV), and topamoviruses. linked to killed adenovirus (Curie! et al., Hum. Gene Ther. 

The replication competency of the autocatalytic vector 10 3:147-154, 1992); via polycation compounds such as 

construct, contained within the second layer of the eukary- polylysioe, utilizing receptor specific ligands; as well as 

otic vector initiation system, may be measured by a variety with psoralen inactivated viruses such as Sendai or Adcn- 

of assays known to one of skill in the art including, for ovirus. In addition, the eukaryotic layered vector initiation 

example, ribonuclease protection assays which measure systems may either be administered directly (i.e., in vivo), or 

increases in both positive-sense and negative-sense RNA 15 to cells which have been removed (ex vivo), and subse- 

over time, in transfected cells, in the presence of an inhibitor quently returned. 

of cellular RNA synthesis, such as dactinomycin, and assays Eukaryotic layered vector initiation systems may be 

which measure the synthesis of a subgenomic RNA or administered to a warm-blooded animal for any of the 

expression of a heterologous reporter gene in transfected therapeutic uses described herein, including for example, for 

cells. 20 the purpose of stimulating a specific immune response; 

Within particularly preferred embodiments of the inhibiting the interaction of an agent with a host cell 

invention, eukaryotic layered vector initiation systems are receptor; to express a toxic palliative, including for example, 

provided that comprise a 5* promoter which is capable of conditional toxic palliatives; to immunologically regulate 

initiating the synthesis of viral RNA from cDNA, followed the immune system; to express markers, and for replacement 

by a 5* sequence which is capable of initiating transcription 25 gene therapy. These and other uses are discussed in more 

of an alphavirus, a nucleotide sequence encoding alphavirus detail below. 

nonstructural proteins, a viral junction region which is either In another embodiment of this aspect of the invention, 

active or which has been inactivated such that viral tran- eukaryotic layered vector initiation systems can be utilized 

scription of the subgenomic fragment is prevented, an to direct the expression of one or more recombinant proteins 

alphavirus RNA polymerase recognition sequence, and a 3' 30 by eukaryotic cells. As used herein, a "recombinant protein** 

sequence which controls transcription termination. Within refers to a protein, polypeptide, enzyme, or fragment 

various embodiments, the viral junction region may be thereof. Using this approach, proteins having therapeutic or 

modified, such that viral transcription of the subgenomic other commercial application can be more cost-effectively 

fragment is merely reduced, rather than inactivated. Within produced. Furthermore, proteins produced in eukaryotic 

other embodiments, a second viral junction region may be 35 cells may be post-translationally modified (e.g., 

inserted following the first inactivated viral junction region, glycosylated, sulfated, acetylated, etc.), as compared to 

the second viral junction region being either active or proteins produced in prokaryotic cells. In addition, such 

modified such that viral transcription of the subgenomic systems may be employed in the in vivo production of 

fragment is reduced. various chemical compounds, e.g., fine or specialty chemi- 

Following transcription of an alphavirus cDNA vector 40 cals. 

construct, the resulting alphavirus RNA vector molecule is Within this embodiment, a eukaryotic layered vector 

comprised of a 5' sequence which is capable of initiating initiation system encoding the desired protein, enzyme, or 

transcription of an alphavirus, a nucleotide sequence encod- enzymatic pathway (as may be required for the production 

ing alphavirus nonstructural proteins, a viral junction region, of a desired chemical) is transformed, transfected, or other- 

a heterologous nucleotide sequence, an alphavirus RNA 45 wise introduced into a suitable eukaryotic cell line. Repre- 

polymerase recognition sequence, and a polyadenylate sentative examples of proteins which can be produced using 

sequence. such a system include, but are not limited to, insulin (see 

Various aspects of the alphavirus cDNA vector constructs VS. Pat. No. 4,431,740 and BE 885196A), hemoglobin 

have been discussed above, including the 5* sequence which (Lawn et al. Cell 21:647-51, 1980), eiythropoietin (EPO; 

is capable of initiating transcription of an alphavirus, the 50 see U.S. Pat. No. 4,703,008), megakaryocyte growth and 

nucleotide sequence encoding alphavirus nonstructural differentiation factor (MGDF), stem cell factor (SCF), 

proteins, the viral junction region, including junction regions G-CSF (Nagata et al. Nature 319:415-418, 1986), GM-CSF, 

which have been inactivated such that viral transcription of M-CSF (see WO 8706954), the flt3 ligand (Lyman, et al. 

the subgenomic fragment is prevented, and the alphavirus (1993), Cell, vol. 75, pp. 1157-1167), EGF, acidic and basic 

RNA polymerase recogmtion sequence. In addition, modi- 55 FGF, PDGF, members of the interleukin or interferon 

fied junction regions and tandem junction regions have also families, supra, neurotropic factors (e.g., BDNF; Rosenthal 

been discussed above. et al Endocrinology 129:1289-1294, 1991, NT-3; see WO 

Within certain aspects of the present invention, methods 9103569, CNTF; see WO 9104316, NGF; see WO 

are provided for delivering a heterologous nucleotide 9310150), coagulation factors (e.g., factors VI 11 and IX), 

sequence to a warm-blooded animal, comprising the step of 60 thrombolytic factors such as t-PA (see EP 292009, AU 

administering a eukaryotic layered vector initiation system 8653302 and EP 174835) and streptokinase (see EP 

as described above, to a warm-blooded animal. Eukaryotic 407942), human growth hormone (see JP 94030582 and 

layered vector initiation systems may be administered to U.S. PaL No. 4,745,069) and other animal somatotropins, 

warm-blooded animals either directly (e.g., intravenously, and integrins and other cell adhesion molecules, such as 

intramuscularly, intraperitoneally, subcutaneously, orally, 65 ICAM-1 and ELAM. Genes encoding such recombinant 

rectally, intraocularly, intranasaUy), or by various physical proteins are among the heterologous nucleic acid sequences 

methods such as lipofection (Feigner eizL 9 Proc. Natl Acad, of the invention. As those in the art will appreciate, once 
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characterized, any gene can be readily cloned into a eukary- packaging cell, can be produced initially utilizing, for 

otic layered vector initiation system according to the example, an SP6 RNA polymerase system to transcribe in 

invention, followed by introduction into a suitable host cell vitro a cDNA vector clone encoding the gene of interest and 

and expression of the desired gene. the alphavirus nonstructural proteins (described previously). 

In a preferred embodiment of this and other aspects of the 5 Vector RNA transcripts are then transfected into the alphavi- 
invention, the eukaryotic layered vector initiation system is rus packaging cell line, such that the vector RNA replicates 
one derived from an alphavirus vector, such as a Sindbis to high levels, and is subsequently packaged by the viral 
vector construct, which has been adapted to replicate in one structural proteins, yielding infectious vector particles, 
or more cell lines from a particular eukaryotic species, Because of the extended length of the alphavirus cDNA 
especially a mammalian species, such as humans. For 10 molecule, the in vitro transcription process is inefficient, 
instance, if the gene encoding the recombinant protein to be Further, only a fraction of the cells contained in a monolayer 
expressed is of human origin and the protein is intended for are typically transfected by most procedures, 
human therapeutic use, production in a suitable human cell In an effort to optimize vector producing cell line perfor- 
line may be preferred in order that the protein be post- mance and titer, two successive cycles of gene transfer may 
translationally modified as would be expected to occur in 15 be performed. In particular, rather than directly transfecting 
humans. This approach may be useful in further enhancing alphavirus RNA vector molecules into the final producing 
recombinant protein production. Given the overall plasticity cell line, the vector may first be transfected into a primary 
of an alpbaviral genome due to the infidelity of the viral alphavirus packaging cell line. The transfected primary 
replicase, variant strains with an enhanced ability to estab- packaging cell line releases infectious vector particles into 
lish high titer productive infection in selected eukaryotic 20 the culture supematants and these vector-containing super- 
cells (e.g., human, murine, canine, feline, etc.) can be natants are subsequently used to transduce a fresh mono- 
isolated Additionally, variant alphaviral strains having an layer of alphavirus packaging cells. Transduction into the 
enhanced ability to establish high titer persistent infection in final alphavirus vector producing cells is preferred over 
eukaryotic cells may also be isolated using this approach. transfection because of its higher RNA transfer efficiency 
Alphavirus expression vectors can then be constructed from 25 into cells and optimized biological placement of the vector 
cDNA clones of these variant strains according to proce- in the cell. This leads to higher expression and higher titer 
dures provided herein. of packaged infectious recombinant alphavirus vector. 

Within another preferred embodiment of this aspect of the Within certain embodiments of the invention, alphavirus 

invention, the eukaryotic layered vector initiation system vector particles may fail to transduce the same packaging 

comprises a promoter for initial alphaviral vector transcrip- 30 cell line because the cell line produces extracellular enve- 

tion that is transcriptionally active only in a differentiated lope proteins which block cellular receptors for alphavirus 

cell type. It is well established that alphaviral infection of vector particle attachment, a second type of alphavirus 

cells in culture, in particular those derived from hamster vector particle is generated which maintains the ability to 

(e.g., baby hampster kidney cells) or chicken (e.g., chicken transduce the alphavirus packaging cells. This second type 

embryo fibroblasts), may result in cytoxicity. Thus, to pro- 35 of viral particle is produced by a packaging cell line known 

duce a stably transformed or transfected host cell line, the as a "hopping cell line,** which produces transient vector 

eukaryotic layered vector initiation system is preferably particles as the result of being transfected with in vitro 

introduced into a host cell wherein the promoter which transcribed alphavirus RNA vector transcripts. Briefly, the 

enables the initial vector amplification is a transcriptionally hopping cell line is engineered to redirect the receptor 

inactive, but inducible, promoter. In a particularly preferred 40 tropism of the transiently produced vector particles by 

embodiment, such a promoter is differentiation state depen- providing alternative viral envelope proteins which redirect 

dent. In this configuration, activation of the promoter and alphavirus vectors to different cellular receptors, in a process 

subsequent activation of the alphavirus DNA vector coin- termed pseudotyping. Two primary approaches have been 

cides with induction of cell differentiation. Upon growth to devised for alphavirus vector particle pseudotyping. The 

a certain cell number of such a stably transformed or 45 first approach consists of an alphavirus packaging cell line 

transfected host cell line, the appropriate differentiation expressing the vesicular stomatitis virus G protein (VSV-G). 

stimulus is provided, thereby initiating transcription of the The second approach for producing a pseudotyped alphavi- 

vector construct and amplified expression of the desired rus vector particle is to use currently available retroviral 

gene and encoded polypeptide(s). Many such differentiation packaging cell lines containing retroviral gag/pol and env 

state-dependent promoters are known to those in the art, as 50 sequences which would be capable of packaging an alphavi- 

are cell lines which can be induced to differentiate by rus RNA vector containing a retroviral packaging sequence 

application of a specific stimulus. Representative examples (e.g., WO 92/05266). 

include cell lines F9 and P19, HL60, and Freund erythro- Within other embodiments of the invention, a second 

leukemic cell lines and HEL, which are activated by retinoic approach has also been devised in which a stably integrated 

acid, horse serum, and DMSO, respectively. 55 DNA expression vector is used to produce the alphavirus 

G. ALPHAVIRUS PACKAGING CELL LINES vector RNA molecule, which, as in the first approach, 

Within further embodiments of the invention, alphavirus maintains the autocatalytic ability to self-replicate. This 

packaging cell lines are provided. In particular, within one approach allows for continued vector expression over 

aspect of the present invention, alphavirus packaging cell extended periods of culturing because the integrated DNA 

lines are provided wherein the viral structural proteins, 60 vector expression system is maintained through a drug 

supplied in trans from one or more stably integrated expres- selection marker and the DNA system will constitutively 

sion vectors, are able to encapsidate transfected, transduced, express unaltered RNA vectors which cannot be diluted out 

or in trace llularly produced vector RNA transcripts in the by defective RNA copies. In this "alphavirus producer cell 

cytoplasm and release infectious packaged vector particles line" configuration, the DNA-based alphavirus vector is 

through the cell membrane, thus creating an alphavirus 65 introduced initially into the packaging cell line by 

vector producing cell line. Alphavirus RNA vector transfection, since size restrictions could prevent packaging 

molecules, capable of replicating in the cytoplasm of the of the expression vector into a viral vector particle for 
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transduction. Also, for this configuration, the SP6 RNA integrate into the host cell genome, (c) are not associated 

polymerase recognition site of the plasmid, previously used with any life threatening diseases, and (d) express high 

to transcribe vector RNA in vitro, is replaced with another levels of heterologous protein. Because of these differences, 

appropriate promoter sequence defined by the parent cell alphavims vectors can easily be thought of as safe viral 

line used. In addition, this plasmid sequence also contains a 5 vectors which can be used on healthy individuals for vaccine 

selection marker different from that used to create the ^ • 

packaging cell line. Tms as P ect °f me invention has a further advantage over 

The expression of alphavims proteins and/or vector RNA other 1011 be expected to function in a similar 

above certain levels may result in cytotoxic effects in manD u er ' m ^* 1 presenter cells are fully viable and 

packaging cell lines. Therefore, within certain embodiments 10 h f ^ and low leveIs of viral antigens, relative to beter- 

of the invention, it may be desirable for these elements to be &™ ' ™ ex P ress f d - ™* P™»Jf » ***** *dvan- 
~. j i » .u i « / ■* „ . , tage smce the antigenic epitopes expressed can be altered by 
expressed only after the packagin^producer ceUs have been clonin % f ^fragments of me gene for the 
propagated to a certain critical density. For Uns purpose, anti iflto the recombirj ^ t alphavims, leading to 
admuonal packaging or producer ceU line modifications are rcsponses against immunogenic epitopes which may other- 
made whereby the structural proteins necessary for packag- 15 ^ be overshadowed by immunodominant epitopes. Such 
ing are synthesized only after induction by the RNA vector an approach may be extended to the expression of a peptide 
itself or some other stimulus. Also, other modifications having multiple epitopes, one or more of the epitopes being 
allow for the individual expression of these proteins under derived from different proteins. Further, this aspect of the 
the control of separate inducible elements, by utilizing invention allows efficient stimulation of cytotoxic T lym- 
expression vectors which unlink the genes encoding these 20 phocytes (CTL) directed against antigenic epitopes, and 
proteins. In addition, expression of the integrated vector peptide fragments of antigens encoded by sub-fragments of 
molecule itself, in some instances, is controlled by yet genes, through intracellular synthesis and association of 
another inducible system. This configuration results in a these peptide fragments with MHC Class I molecules. This 
cascade of events following induction, that ultimately leads approach may be utilized to map major immunodominant 
to the production of packaged vector particles. 25 epitopes for CTL induction. 

H. METHODS FOR UTILIZING ALPHAVTRUS VEC- An immune response may also be achieved by transfer- 

TORS ring to an appropriate immune cell (such as a T lymphocyte) 

1. IMMUNOSTTMULAnON the gene for the specific T cell receptor which recognizes the 

Within other aspects of the present invention, composi- antigen of interest (in the context of an appropriate MHC 

tions and methods are provided for administering an 30 molecule if necessary), for an immunoglobulin which rec- 

alphavirus vector construct which is capable of preventing, ognizes the antigen of interest, or for a hybrid of the two 

inhibiting, stabilizing or reversing infectious, cancerous, which provides a CTL response in the absence of the MHC 

auto-immune or immune diseases. Representative examples context. Thus, the recombinant alphavims infected cells may 

of such diseases include viral infections such as HIV, HBV be used as an immunostimulant, immunomodulator, or vac- 

HTLV I, HTLV II, CMV, EBV and HPV, melanomas, 35 cine. 

diabetes, graft vs. host disease, Alzheimer's disease and In another embodiment of the invention, methods are 
heart disease. provided for producing inhibitor palliatives wherein 
More specifically, within one aspect of the present alphavims vectors deliver and express defective interfering 
invention, compositions and methods are provided for viral structural proteins, which inhibit viral assembly. Such 
stimulating an immune response (either humoral or cell- 40 vectors may encode defective gag, pol, env or other viral 
mediated) to a pathogenic agent, such that the pathogenic particle proteins or peptides and these would inhibit in a 
agent is either killed or inhibited. Representative examples dominant fashion the assembly of viral particles. This occurs 
of pathogenic agents include bacteria, fungi, parasites, because the interaction of normal subunits of the viral 
viruses and cancer cells. particle is disturbed by interaction with the defective sub- 
Within one embodiment of the invention the pathogenic 45 units, 
agent is a virus, and methods are provided for stimulating a In another embodiment of the invention, methods are 
specific immune response and inhibiting viral spread by provided for the expression of inhibiting peptides or proteins 
using recombinant alphavims viral particles designed to specific for viral protease. Briefly, viral protease cleaves the 
deliver a vector construct that directs the expression of an viral gag and gag/pol proteins into a number of smaller 
antigen or modified form thereof to susceptible target cells 50 peptides. Failure of this cleavage in all cases leads to 
capable of either (1) initiating an immune response to the complete inhibition of production of infectious retroviral 
viral antigen or (2) preventing the viral spread by occupying particles. As an example, the HIV protease is known to be 
cellular receptors required for viral interactions. Expression an aspartyl protease and these are known to be inhibited by 
of the vector nucleic acid encoded protein may be transient peptides made from amino acids from protein or analogues, 
or stable with time. Where an immune response is to be 55 Vectors to inhibit HIV will express one or multiple fused 
stimulated to a pathogenic antigen, the recombinant alphavi- copies of such peptide inhibitors. 

rus is preferably designed to express a modified form of the Another embodiment involves the delivery of suppressor 

antigen which will stimulate an immune response and which genes which, when deleted, mutated, or not expressed in a 

has reduced pathogenicity relative to the native antigen. This cell type, lead to tumorigenesis in that cell type. Reintro- 

immune response is achieved when cells present antigens in 60 duction of the deleted gene by means of a viral vector leads 

the correct manner, i.e., in the context of the MHC class I to regression of the tumor phenotype in these cells, 

and/or II molecules along with accessory molecules such as Examples of such cancers are retinoblastoma and Wilms 

CD3, ICAM-1, 1 CAM -2, LFA-1, or analogues thereof (e.g., Tumor. Since malignancy can be considered to be an inhi- 

Altmann et al., Nature 338:512, 1989). Cells infected with bition of cellular terminal differentiation compared with cell 

alphavims vectors are expected to do this efficiently because 65 growth, the alphavims vector delivery and expression of 

they closely mimic genuine viral infection and because they: gene products which lead to differentiation of a tumor should 

(a) are able to infect non-replicating cells, (b) do not also, in general, lead to regression. 
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In yet another embodiment, the alphavirus vector pro- agent present in the cells from one which would not nor- 
vides a therapeutic effect by transcribing a ribozyme (an mally inhibit a function of the pathogenic agent to one which 
RNA enzyme) (Haseloff and Gerlach, Nature 334:585, does. Examples of such functions for viral diseases include 
1989) which will cleave and hence inactivate RNA mol- adsorption, replication, gene expression, assembly, and exit 
ecules corresponding to a pathogenic function. Since 5 of the virus from infected cells. Examples of such functions 
ribozymes function by recognizing a specific sequence in the for a cancerous cell or cancer-promoting growth factor 
target RNA and this sequence is normally 12 to 17 bp, this include viability, cell replication, altered susceptibility to 
allows specific recognition of a particular RNA species such external signals (e.g., contact inhibition), and lack of pro- 
as a RNA or a retroviral genome. Additional specificity may duction or production of mutated forms of anti-oncogene 
be achieved in some cases by making this a conditional toxic 10 proteins, 
palliative (see below). (a) Inhibitor Palliatives 

One way of increasing the effectiveness of inhibitory In one aspect of the present invention, the alphavirus 

palliatives is to express viral inhibitory genes in conjunction vector construct directs the expression of a gene which can 

with the expression of genes which increase the probability interfere with a function of a pathogenic agent, for instance 

of infection of the resistant cell by the virus in question. The 15 in viral or malignant diseases. Such expression may either be 

result is a nonproductive "dead-end** event which would essentially continuous or in response to the presence in the 

compete for productive infection events. In the specific case cell of another agent associated either with the pathogenic 

of HIV, vectors may be delivered which inhibit HIV repli- condition or with a specific cell type (an "identifying 

cation (by expressing anti-sense tat, etc., as described above) agent"). In addition, vector delivery may be controlled by 

and also overexpress proteins required for infection, such as 20 targeting vector entry specifically to the desired cell type (for 

CD4. In this way, a relatively small number of vector- instance, a virally infected or malignant cell) as discussed 

infected HIV- resistant cells act as a "sink" or "magnet" for above. 

multiple nonproductive fusion events with free virus or One method of administration is leukophoresis, in which 

virally infected cells. about 20% of an individual's PBLs are removed at any one 

2. BLOCKING AGENTS 25 time and manipulated in vitro. Thus, approximately ixlO 9 
Many infectious diseases, cancers, autoimmune diseases, cells may be treated and replaced. Repeat treatments may 

and other diseases involve the interaction of viral particles also be performed. Alternatively, bone marrow may be 

with cells, cells with cells, or cells with factors. In viral treated and allowed to amplify the effect as described above, 

infections, viruses commonly enter cells via receptors on the In addition, packaging cell lines producing a vector may be 

surface of susceptible cells. In cancers, cells may respond 30 directly injected into a subject, allowing continuous produc- 

inappropriatcly or not at all to signals from other cells or tion of recombinant virions. 

factors. In autoimmune disease, there is inappropriate rec- In one embodiment, alphavirus vectors which express 

ognition of "self" markers. Within the present invention, RNA complementary to key pathogenic gene transcripts (for 

such interactions may be blocked by producing, in vivo, an example, a viral gene product or an activated cellular 

analogue to either of the partners in an interaction. 35 oncogene) can be used to inhibit translation of that transcript 

This blocking action may occur intracellularly, on the cell into protein, such as the inhibition of translation of the HIV 

membrane, or extracellularly. The blocking action of a viral tat protein. Since expression of this protein is essential for 

or, in particular, an alphavirus vector carrying a gene for a viral replication, cells containing the vector would be resis- 

blocking agent, can be mediated either from inside a sus- tant to HIV replication. 

ceptible cell or by secreting a version of the blocking protein 40 In a second embodiment, where the pathogenic agent is a 

to locally block the pathogenic interaction. single-stranded virus having a packaging signal, RNA 

In the case of HIV, the two agents of interaction are the gp complementary to the viral packaging signal (e.g., an HIV 

120/gp 41 envelope protein and the CD4 receptor molecule. packaging signal when the palliative is directed against 

Thus, an appropriate blocker would be a vector construct HIV) is expressed, so that the association of these molecules 

expressing either an HIV env analogue that blocks HIV 45 with the viral packaging signal will, in the case of 

entry without causing pathogenic effects, or a CD4 receptor retroviruses, inhibit stem loop formation or tRNA primer 

analogue. The CD4 analogue would be secreted and would binding required for proper encapsidation or replication of 

function to protect neighboring cells, while the gp 120/gp 41 the alphavirus RNA genome. 

is secreted or produced only intracellularly so as to protect In a third embodiment, an alphavirus vector may be 

only the vector-containing cell. It may be advantageous to 50 introduced which expresses a palliative capable of selec- 

add human immunoglobulin heavy chains or other compo- tively inhibiting the expression of a pathogenic gene, or a 

nents to CD4 in order to enhance stability or complement palliative capable of inhibiting the activity of a protein 

lysis. Delivery of an alphavirus vector encoding such a produced by the pathogenic agent. In the case of HIV, one 

hybrid-soluble CD4 to a host results in a continuous supply example is a mutant tat protein which lacks the ability to 

of a stable hybrid molecule. Efficacy of treatment can be 55 transactivate expression from the HIV LTR and interferes (in 

assayed by measuring the usual indicators of disease a transdominant manner) with the normal functioning of tat 

progression, including antibody level, viral antigen protein. Such a mutant has been identified for HTLV II tat 

production, infectious HIV levels, or levels of nonspecific protein ("XII Leu 5 " mutant; see Wachsman et al., Science 

infections. 235:674, 1987). A mutant transrepressor tat should inhibit 

3. EXPRESSION OF PALLIATIVES 60 replication much as has been shown for an analogous mutant 
Techniques similar to those described above can be used repressor in HSV-1 (Friedmann et al., Nature 335:452, 

to produce recombinant alphavirus vector constructs which 1988). 

direct the expression of an agent (or "palliative") which is Such a transcriptional repressor protein may be selected 

capable of inhibiting a function of a pathogenic agent or for in tissue culture using any viral-specific transcriptional 

gene. Within the present invention, "capable of inhibiting a 65 promoter whose expression is stimulated by a virus-specific 

function" means that the palliative either directly inhibits the transactivating protein (as described above). In the specific 

function or indirectly does so, for example, by converting an case of HIV, a cell line expressing HIV tat protein and the 
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HSVTK gene driven by the HIV promoter will die in the HSVTK, for example, in response to interferon production 

presence of ACV. However, if a series of mutated tat genes could result in the destruction of cells infected with a variety 

are introduced to the system, a mutant with the appropriate of different viruses. 

properties (i.e., represses transcription from the HIV pro- In another aspect of the present invention, the recombi- 
moter in the presence of wild-type tat) will grow and be 5 nant alphavirus viral vector carries a vector construct that 
selected. The mutant gene can then be reisolated from these directs the expression of a gene product capable of activat- 
cells. A cell line containing multiple copies of the condi- ing an otherwise inactive precursor into an active inhibitor 
tionally lethal vector/tat system may be used to assure that of the pathogenic agent. For example, the HSVTK gene 
surviving cell clones are not caused by endogenous muta- product may be used to more effectively metabolize poten- 
tions in these genes. A battery of randomly mutagenized tat 10 tially antiviral nucleoside analogues such as AZT or ddC. 
genes are then introduced into these cells using a "rescu- The HSVTK gene may be expressed under the control of a 
able" alphavirus vector (i.e., one that expresses the mutant cell-specific responsive vector and introduced into these cell 
tat protein and contains a bacterial origin of replication and types. AZT (and other nucleoside antivirals) must be 
drug resistance marker for growth and selection in bacteria). metabolized by cellular mechanisms to the nucleotide triph- 
This allows a large number of random mutations to be is osphate form in order to specifically inhibit retroviral 
evaluated and permits facile subsequent molecular cloning reverse transcriptase, and thus, HIV replication (Furmam et 
of the desired mutant cell line. This procedure may be used al., Prvc. Natl Acad. Sci. USA 83:8333-8337, 1986). Con- 
to identify and utilize mutations in a variety of viral tran- stitutive expression of HSVTK (a nucleoside and nucleoside 
scriptional activator/viral promoter systems for potential kinase with very broad substrate specificity) results in more 
antiviral therapies. 20 effective metabolism of these drugs to their biologically 

4. CONDITIONAL TOXIC PALLIATIVES active nucleotide triphosphate form. AZT or ddC therapy 

Another approach for inhibiting a pathogenic agent is to will thereby be more effective, allowing lower doses, less 

express a palliative which is toxic for the cell expressing the generalized toxicity, and higher potency against productive 

pathogenic condition. In this case, expression of the pallia- infection. Additional nucleoside analogues whose nucle- 

tive from the vector should be limited by the presence of an 25 otide triphosphate forms show selectivity for retroviral 

entity associated with the pathogenic agent, such as a reverse transcriptase but, as a result of the substrate speci- 

specific viral RNA sequence identifying the pathogenic ficity of cellular nucleoside and nucleotide kinases are not 

state, in order to avoid destruction of nonpathogenic cells. phosphorylated, will be made more efficacious. 

In one embodiment of this method, a recombinant Administration of these alphavirus vectors to human T 
alphavirus vector carries a vector construct containing a 30 cell and macrophage/monocyte cell lines can increase their 
toxic gene (as discussed above) expressed from a cell- resistance to HIV in the presence ofAZTandddC compared 
specific responsive vector. In this manner, rapidly replicat- to the same cells without retroviral vector treatment. Treat- 
ing cells, which contain the RNA sequences capable of ment with AZT would be at lower than normal levels to 
activating the cell-specific responsive vectors, are preferen- avoid toxic side effects but still efficiently inhibit the spread 
tially destroyed by the cytotoxic agent produced by the 35 of HIV. The course of treatment would be as described for 
alphavirus vector construct. the blocker. 

In a similar manner to the preceding embodiment, the In one embodiment, the recombinant alphavirus vector 

alphavirus vector construct can carry a gene for carries a gene specifying a product which is not in itself 

phosphorylation, phosphoribosylation, ribosylation, or other toxic but, when processed or modified by a protein such as 

metabolism of a purine- or pyrirnidine-based drug. This gene 40 a protease specific to a viral or other pathogen, is converted 

may have no equivalent in m ammali an cells and might come into a toxic form. For example, the recombinant alphavirus 

from organisms such as a virus, bacterium, fungus, or could carry a gene encoding a proprotein for ricin A chain, 

protozoan. An example of this would be the E. coli guanine which becomes toxic upon processing by the HIV protease, 

phosphoribosyl transferase gene product, which is lethal in More specifically, a synthetic inactive proprotein form of the 

the presence of thioxanthine (see Besnard et al., Mol Cell 45 toxin ricin or diphtheria A chains could be cleaved to the 

Biol 7:4139-4141, 1987). Conditionally lethal gene prod- active form by arranging for the HIV virally encoded 

ucts of this type (also referred to as "pro-drugs** above) have protease to recognize and cleave off an appropriate "pro" 

application to many presently known purine- or pyrimidine- element. 

based anticancer drugs, which often require intracellular In another embodiment, the alphavirus construct may 

ribosylation or phosphorylation in order to become effective 50 express a "reporting product" on the surface of the target 

cytotoxic agents. The conditionally lethal gene product cells in response to the presence of an identifying agent in 

could also metabolize a nontoxic drug which is not a purine the cells (such as expression of a viral gene). This surface 

or pyrimidine analogue to a cytotoxic form (see Searleetal., protein can be recognized by a cytotoxic agent, such as 

Brit. J. Cancer 53:377-384, 1986). antibodies for the reporting protein, or by cytotoxic T cells. 

Mammalian viruses in general tend to have "immediate 55 In a similar manner, such a system can be used as a detection 
early** genes which are necessary for subsequent transcrip- system (see below) to simply identify those cells having a 
tional activation from other viral promoter elements. RNA particular gene which expresses an identifying protein, 
sequences of this nature are excellent candidates for acti- Similarly, in another embodiment, a surface protein could 
vat ing alphavirus vectors intracellular signals (or "identify- be expressed which would itself be therapeutically benefi- 
ing agents") of viral infection. Thus, conditionally lethal 60 cial. In the particular case of HIV, expression of the human 
genes expressed from alphavirus cell-specific vectors CD4 protein specifically in HIV-infected cells may be ben- 
responsive to these viral "immediate early" gene products eficial in two ways: 

could specifically kill cells infected with any particular 1. Binding of CD4 to HIV env intracellularly could inhibit 

virus. Additionally, since the human and interferon promoter the formation of viable viral particles, much as soluble 

elements are transcriptionally activated in response to infec- 65 CD4 has been shown to do for free vims, but without 

tion by a wide variety of nonrelated viruses, the introduction the problem of systematic clearance and possible 

of vectors expressing a conditionally lethal gene product like immunogenicity, since the protein will remain mem- 
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brane bound and is structurally identical to endogenous positive where there were no antibodies, this would assist in 

CD4 (to which the patient should be immunologically confirming the presence of HIV. 

tolerant). Within an analogous system for an in vitro assay, the 
2. Since the CD4/HIV env complex has been implicated presence of a particular gene, such as a viral gene, may be 
as a cause of cell death, additional expression of CD4 5 determined in a cell sample. In this case, the cells of the 
(in the presence of excess HIV-env present in HIV- sample are infected with a suitable alphavirus vector which 
infected cells) leads to more rapid cell death and thus carries the reporter gene which is only expressed in the 
inhibits viral dissemination. This may be particularly presence of the appropriate viral RNA transcript. The 
applicable to monocytes and macrophages, which act reporter gene, after entering the sample cells, will express its 
as a reservoir for virus production as a result of their 10 reporting product (such as p-galactosidase or luciferase) 
relative refractility to HIV- induced cytotoxicity (which, only if the host cell expresses the appropriate viral proteins, 
in turn, is apparently due to the relative lack of CD4 on These assays are more rapid and sensitive, since the 
their cell surfaces). reporter gene can express a greater amount of reporting 
In another embodiment, the alphavirus vector codes for a product than identifying agent present, which results in an 
ribozyme which will cleave and inactivate RNA molecules is amplification effect, 
essential for viability of the vector infected cell. By making 6. IMMUNE DOWN-REGULATION 
ribozyme production dependent on a specific RNA sequence As briefly described above, the present invention also 
corresponding to the pathogenic state, such as HIV tat, provides recombinant alphavirus which carry a vector con- 
toxicity is specific to the pathogenic state. struct capable of suppressing one or more elements of the 
5. EXPRESSION OF MARKERS 20 immune system in target cells infected with the alphavirus. 
The above-described technique of expressing a palliative Briefly, specific down-regulation of inappropriate or 
in a cell in response to a specific RNA sequence can also be unwanted immune responses, such as in chronic hepatitis or 
modified to enable detection of a particular gene in a cell in transplants of heterologous tissue such as bone marrow, 
which expresses an identifying protein (for example, a gene can be engineered using immune-suppressive viral gene 
carried by a particular virus), and hence enable detection of 25 products which suppress surface expression of transplants - 
cells carrying that virus. In addition, this technique enables tion (MHC) antigen. Group C adenoviruses Ad2 and Ad5 
the detection of viruses (such as HTV) in a clinical sample of possess a 19 kd glycoprotein (gp 19) encoded in the E3 
cells carrying an identifying protein associated with the region of the virus. This gp 19 molecule binds to class I 
virus. MHC molecules in the endoplasmic reticulum of cells, and 
This modification can be accomplished by providing a 30 prevents terminal glycosylation and translocation of class I 
genome coding for a product, the presence of which can be MHC to the cell surface. For example, prior to bone marrow 
readily identified (the "marker product"), in an alphavirus transplantation, donor bone marrow cells may be infected 
vector which responds to the presence of the identifying with gp 19-encoding vector constructs which, upon exp res- 
protein in the infected cells. For example, HIV, when it sion of the gp 19, inhibit the surface expression of MHC 
infects suitable cells, makes tat and rev. The indicator cells 35 class I transplantation antigens. These donor cells may be 
can thus be provided with a genome (such as by infection transplanted with low risk of graft rejection and may require 
with an appropriate recombinant alphavirus) which codes a minimal immunosuppressive regimen for the transplant 
for a marker gene, such as the alkaline phosphatase gene, patient. This may allow an acceptable donor-recipient chi- 
p-galactosidase gene, or the luciferase gene which is meric state to exist with fewer complications. Similar treat- 
expressed by the recombinant alphavirus upon activation by 40 meats may be used to treat the range of so-called autoim- 
the tat and/or rev RNA transcript. In the case of mune diseases, including lupus erythromiatis, multiple 
p-galactosidase or alkaline phosphatase, exposing the cells sclerosis, rheumatoid arthritis or chronic hepatitis B infec- 
to substrate analogues results in a color or fluorescence tion. 

change if the sample is positive for HIV In the case of An alternative method involves the use of anti-sense 

luciferase, exposing the sample to luciferin will result in 45 message, ribozyme, or other specific gene expression inhibi- 

luminescence if the sample is positive for HTV For intrac- tor specific for T cell clones which are autoreactive in nature, 

ellular enzymes such as P-galactosidase, the viral titre can be These block the expression of the T cell receptor of particu- 

measured directly by counting colored or fluorescent cells, lar unwanted clones responsible for an autoimmune 

or by making cell extracts and performing a suitable assay. response. The anti-sense, ribozyme, or other gene may be 

For the membrane bond form of alkaline phosphatase, virus 50 introduced using the viral vector delivery system, 

titre can also be measured by performing enzyme assays on 7. REPLACEMENT OR AUGMENTATION GENE 

the cell surface using a fluorescent substrate. For secreted THERAPY 

enzymes, such as an engineered form of alkaline One further aspect of the present invention relates to 
phosphatase, small samples of culture supernatant are transforming cells of an animal with recombinant alphavirus 
assayed for activity, allowing continuous monitoring of a 55 vectors which serve as gene transfer vehicles to supply 
single culture over time. Thus, different forms of this marker genetic sequences capable of expressing a therapeutic pro- 
system can be used for different purposes. These include tein. Within one embodiment of the present invention, the 
counting active virus, or sensitively and simply measuring viral vector construct is designed to express a therapeutic 
viral spread in a culture and the inhibition of this spread by protein capable of preventing, inhibiting, stabilizing or 
various drugs. 60 reversing an inherited or noninherited genetic defect in 
Further specificity can be incorporated into the preceding metabolism, immune regulation, hormonal regulation, enzy- 
systemby testing for the presence of the virus either with or matic or membrane associated structural function. This 
without neutralizing antibodies to that virus. For example, in embodiment also describes the viral vector capable of trans- 
one portion of the clinical sample being tested, neutralizing ducing individual cells, whereby the therapeutic protein is 
antibodies to HIV may be present; whereas in another 65 able to be expressed systemically or locally from a specific 
portion there would be no neutralizing antibodies. If the tests cell or tissue, whereby the therapeutic protein is capable of 
were negative in the system where there were antibodies and (a) the replacement of an absent or defective cellular protein 
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or enzyme, or (b) supplement production of a defective of enously supplied IL-1 decreases mean arterial pressure and 

low expressed cellular protein or enzyme. Such diseases induces leukopenia. Neutralizing antibody to IL-1 reduced 

may include cystic fibrosis, Parkinson's disease, endotoxin-induced fever in animals. In a study of patients 

hypercholesterolemia, adenosine deaminase deficiency, with septic shock who were treated with a constant infusion 

P-globin disorders, Hemophilia A & B, Gaucher^ disease, 5 Q f il-IR for three days, the 28 day mortality was 16% 

diabetes and leukemia compared to 44% in patients who received placebo infu- 

As an example of the present invention, a recombinant sions 

alphavirvis viral vector can be used to treat Gaucher disease. ,„ ^ case of autoimmulle disease> reducin ^ activ ^ 

^ C ° y 'pK UC ^ r " 3 f S ?r 6 , r \ ° f IL -! inflammation. Similarly, blocking the activ- 

actenzed by the deficiency of the enzyme ejucocerebrosi- ». *-* ^ » « J ' & , . 

dase. TTiis type of therapy is an example of a single gene 10 ! ty ° f ^ ^ ^>^inant receptors can resuk in 

replacement therapy by providing a functional cellular increased allograft survival in animals, again presumably by 

enzyme. This enzyme deficiency leads to the accumulation decreasing inflammation. 

of glucocerebroside in the lysosomes of all cells in the body. Tb€SC ^ases provide further examples where alpbavi- 

However, the disease phenotype is manifested only in the vectors ma y engineered to produce a soluble receptor 

macrophages, except in the very rare neuronpathic forms of 15 or more specifically the IL-IRa molecule. For example, in 

me disease. The disease usually leads to enlargement of the patients undergoing septic shock, a single injection of 

liver and spleen and lesions in the bones. (For a review, see IL-IRa producing vector particles could replace the current 

Science 256:794, 1992, and The Metabolic Basis of Inker- approach requiring a constant infusion of recombinant 

tied Disease, 6th ed., Scriver et al., vol. 2, p. 1677). IL-IR. 

8. LYMPHOKINES AND LYMPHOKINE RECEPTORS 20 Cytokine responses, or more specifically, incorrect cytok- 

As noted above, the present invention provides alphavirus ine responses may also be involved in the failure to control 

particles which can, among other functions, direct the or resolve infectious diseases. Perhaps the best studied 

expression of one or more cytokines or cytokine receptors. example is non-healing forms of leishmaniasis in mice and 

Briefly, in addition to their role as cancer therapeutics, humans which have strong, but counterproductive T H 2- 
cytokines can have negative effects resulting in certain 25 dominated responses. Similarly, lepromotomatous leprosy is 
pathological conditions. For example, most resting T-cells, associated with a dominant, but inappropriate T H 2 response. 
B cells, large granular lymphocytes and monocytes do not In these conditions, alphavirus-based gene therapy may be 
express IL-2R (receptor). In contrast to the lack of IL-2R useful for increasing circulating levels of IFN gamma, as 
expression on normal resting cells, IL-2R is expressed by opposed to the site-directed approach proposed for solid 
abnormal cells in patients with certain leukemias (ATL, 30 tumor therapy. IFN gamma is produced by T ir l T-cells, and 
Hairy-cell, Hodgkins, acute and chronic granulocytic), functions as a negative regulator of T fr 2 subtype prolifera- 
autoimmune diseases, and is associated with allograft rejec- tion. IFN gamma also antagonizes many of the IL-4 m edi- 
tion. Interestingly, in most of these patients the serum ated effects on B-cells, including isotype switching to IgE. 
concentration of a soluble form of IL-2R is elevated. IgE, mast cells and eosinophils are involved in mediating 
Therefore, with certain embodiments of the invention 35 allergic reaction. IL-4 acts on differentiating T-cells to 
therapy may be effected by increasing the serum concentra- stimulate T // -2 development, while inhibiting T^l 
tion of the soluble form of the cytokine receptor. For responses. Thus, alphavirus-based gene therapy may also be 
example, in the case of IL^2R, an alphavirus vector can be accomplished in conjunction with traditional allergy thera- 
engineered to produce both soluble IL-2R and IL-2R, ere- peutics. One possibility is to deliver alphavirus-IL4R with 
ating a high affinity soluble receptor. In this configuration, 40 small amounts of the offending allergen (i.e., traditional 
serum IL-2 levels would decrease, inhibiting the paracrine allergy shots). Soluble IL-4R would prevent the activity of 
loop. IL-4, and thus prevent the induction of a strong T // -2 

This same strategy may also be effective against autoim- response, 

mune diseases. In particular, because some autoimmune 9. SUICIDE VECTOR 

diseases (e.g., Rheumatoid arthritis, SLE) are also associated 45 One further aspect of the present invention relates to the 

with abnormal expression of IL-2, blocking the action of expression of alphavirus suicide vectors to limit the spread 

11^2 by increasing the serum level of receptor may also be of wild- type alphavirus in the packaging/producer cell lines, 

utilized in order to treat such autoimmune diseases. Briefly, within one embodiment the alphavirus suicide vec- 

In other cases inhibiting the levels of IL-1 may be tor would be comprised of an antisense or ribozyme 

beneficial. Briefly, IL-1 consists of two polypeptides, BV1 50 sequence, specific for the wild-type alphavirus sequence 

and IL-1, each of which has plieotropic effects. IL-1 is generated from an RNA recombination event between the 3' 

primarily synthesized by mononuclear phagocytes, in sequences of the junction region of the vector, and the 5* 

response to stimulation by microbial products or inflamma- alphavirus structural sequences of the packaging cell line 

tion. There is a naturally occurring antagonist of the IL-IR, expression vector. The antisense or ribozyme molecule 

referred to as the IL-1 Receptor antagonist ("IL-IRa"). This 55 would only be thermostable in the presence of the specific 

ILrlR antagonist has the same molecular size as mature IL-1 recombination sequence and would not have any other effect 

and is structurally related to it. However, binding of H^lRa in the alphavirus packaging/producer cell line. Alternatively, 

to the IL-IR does not initiate any receptor signaling. Thus, a toxic molecule (such as those disclosed below), may also 

this molecule has a different mechanism of action than a be expressed in the context of a vector that would only 

soluble receptor, which complexes with the cytokine and 60 express in the presence of wild-type alphavirus. 

thus prevents interaction with the receptor. IL-1 does not 10. ALPHAVIRUS VECTORS TO PREVENT THE 

seem to play an important role in normal homeostasis. In SPREAD OF METASTATIC TUMORS 

animals, antibodies to IL-1 receptors reduce inflammation One further aspect of the present invention relates to the 

and anorexia due to endotoxins and other inflammation use of alphavirus vectors for inhibiting or reducing the 

inducing agents. 65 invasiveness of malignant neoplasms. Briefly, the extent of 

In the case of septic shock, IL-1 induces secondary malignancy typically relates to vascularization of the tumor, 

compounds which are potent vasodilators. In animals, exog- One cause for tumor vascularization is the production of 
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soluble tumor angiogenesis factors (TAF) (Paweletz et al., 
Crit. Rev. Oncol HematoL 9:197, 1989) expressed by some 
tumors. Within one aspect of the present invention, tumor 
vascularization may be slowed by using alphavirus vectors 
to express antisense or ribozyme RNA molecules specific for 5 
TAF. Alternatively, anti-angiogenesis factors (Moses et al., 
Science 248:1408, 1990; Shapiro et al., PNAS 84:2238, 
1987) may be expressed either alone or in combination with 
the above-described ribozymes or antisense sequences in 
order to slow or inhibit tumor vascularization. Alternatively, 10 
alphavirus vectors can also be used to express an antibody 
specific for the TAF receptors on surrounding tissues. 

11. ADMINISTRATION OF ALPHAVIRUS PAR- 
TICLES 

Within other aspects of the present invention, methods are 15 
provided for administering recombinant alphavirus vectors 
or particles. Briefly, the final mode of viral vector adminis- 
tration usually relies on the specific therapeutic application, 
the best mode of increasing vector potency, and the most 
convenient route of administration. Generally, this embodi- 20 
ment includes recombinant alphavirus vectors which can be 
designed to be delivered by, for example, (1) direct injection 
into the blood stream; (2) direct injection into a specific 
tissue or tumor; (3) oral administration; (4) nasal inhalation; 
(5) direct application to mucosal tissues; or (6) ex vivo 25 
administration of transduced autologous cells into the ani- 
mal. Thus the therapeutic alphavirus vector can be admin- 
istered in such a fashion such that the vector can (a) 
transduce a normal healthy cell and transform the cell into 
a producer of a therapeutic protein or agent which is secreted 30 
systcmically or locally, (b) transform an abnormal or defec- 
tive cell, transforming the cell into a normal functioning 
phenotype, (c) transform an abnormal cell so that it is 
destroyed, and/or (d) transduce cells to manipulate the 
immune response. 35 
I. MODULATION OF TRANSCRIPTION FACTOR 
ACTIVITY 

In yet another embodiment, alphavirus vectors may be 
utilized in order to regulate the growth control activity of 
transcription factors in the infected cell. Briefly, transcrip- 40 
tion factors directly influence the pattern of gene expression 
through sequence-specific trans-activation or repression 
(Karin, New Biologist 21:126-131, 1990). Thus, it is not 
surprising that mutated transcription factors represent a 
family of oncogenes. Alphavirus gene transfer therapy can 45 
be used, for example, to return control to tumor cells whose 
unregulated growth is activated by oncogenic transcription 
factors, and proteins which promote or inhibit the binding 
cooperatively in the formation of homo- and heterodimer 
trans-activating or repressing transcription factor com- 50 
plexes. 

One method for reversing cell proliferation would be to 
inhibit the trans-activating potential of the c-myc/Max het- 
erodimer transcription factor complex. Briefly, the nuclear 
oncogene c-myc is expressed by proliferating cells and can 55 
be activated by several distinct mechanisms, including ret- 
roviral insertion, amplification, and chromosomal transloca- 
tion. The Max protein is expressed in quiescent cells and, 
independently of c-myc, either alone or in conjunction with 
an unidentified factor, functions to repress expression of the 60 
same genes activated by the myc/Max heterodimer (Cole, 
Cell 65:715-716, 1991). 

Inhibition of c-myc or c-myc/Max proliferation of tumor 
cells may be accomplished by the overexpression of Max in 
target cells controlled by alphavirus vectors. The Max 65 
protein is only 160 amino acids (corresponding to 480 
nucleotide RNA length) and is easily incorporated into an 
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alphavirus vector either independently, or in combination 
with other genes and/or antisense/ribozyme moieties tar- 
geted to factors which release growth control of the cell. 

Modulation of homo/hetero-complex association is 
another approach to control transcription factor activated 
gene expression. For example, transport from the cytoplasm 
to the nucleus of the trans-activating transcription factor 
NF-B is prevented while in a heterodimer complex with the 
inhibitor protein IB. Upon induction by a variety of agents, 
including certain cytokines, IB becomes phosphorylated and 
NF-B is released and transported to the nucleus, where it can 
exert its sequence-specific trans-activating function 
(Baeuerle and Baltimore, Science 242:540-546, 1988). The 
dissociation of the NF-B/IB complex can be prevented by 
masking with an antibody the phosphorylation site of IB. 
Tnis approach would effectively inhibit the trans-activation 
activity of the NF-IB transcription factor by preventing its 
transport to the nucleus. Expression of the IB phosphoryla- 
tion site specific antibody or protein in target cells may be 
accomplished with an alphavirus gene transfer vector. An 
approach similar to the one described here could be used to 
prevent the formation of the trans-activating transcription 
heterodimer factor AP-1 (Turner and Tijan, Science 
243:1689-1694, 1989), by inhibiting the association 
between the jun and fos proteins. 
J. PHARMACEUTICAL COMPOSITIONS 

As noted above, the present invention also provides 
pharmaceutical compositions comprising a recombinant 
Sindbis particle or virus, or Sindbis vector construct, in 
combination with a pharmaceutically acceptable carrier, 
diluent, or recipient 

Briefly, infectious recombinant virus (also referred to 
above as particles) may be preserved either in crude or 
purified forms. In order to produce virus in a crude form, 
virus-producing cells may first be cultivated in a bioreactor, 
wherein viral particles are released from the cells into the 
culture media. Vims may then be preserved in crude form by 
first adding a sufficient amount of a formulation buffer to the 
culture media containing the recombinant virus to form an 
aqueous suspension. Within certain preferred embodiments, 
the formulation buffer is an aqueous solution that contains a 
saccharide, a high molecular weight structural additive, and 
a buffering component in water. The aqueous solution may 
also contain one or more amino acids. 

Hie recombinant virus can also be preserved in a purified 
form. More specifically, prior to the addition of the formu- 
lation buffer, the crude recombinant virus described above 
may be clarified by passing it through a filter and then 
concentrated, such as by a cross flow concentrating system 
(Filtron Technology Corp., Nortborough, Mass.). Within one 
embodiment, DNase is added to the concentrate to digest 
exogenous DNA. The digest is then diafiltrated in order to 
remove excess media components and to establish the 
recombinant virus in a more desirable buffered solution. The 
diafiltrate is then passed over a Sephadex S-500 gel column 
and a purified recombinant virus is eluted. A sufficient 
amount of formulation buffer is then added to this eluate in 
order to reach a desired final concentration of the constitu- 
ents and to minimally dilute the recombinant virus. The 
aqueous suspension may then be stored, preferably at -70° 
C, or immediately dried. As above, the formulation buffer 
may be an aqueous solution that contains a saccharide, a 
high molecular weight structural additive, and a buffering 
component in water. The aqueous solution may also contain 
one or more amino acids. 

Crude recombinant virus may also be purified by ion 
exchange column chromatography. Briefly, crude recombi- 
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nant virus may be clarified by first passing it through a filter, cellulose, hydroxymethyl-cellulose, dextran, cellulose, 

followed by loading the filtrate onto a column containing a gelatin, or povidone. A particularly preferred concentration 

highly sulfonated cellulose matrix. The recombinant virus of human serum albumin is 0.1% by weight. Preferably, the 

may then be eluted from the column in purified form by concentration of the high molecular weight structural addi- 

using a high salt buffer, and the high salt buffer exchanged 5 tive ranges from 0.1% to 10% by weight, 

for a more desirable buffer by passing the ehiate over a The amino acids, if present, function to further preserve 

molecular exclusion column. A sufficient amount of formu- viral infectivity upon cooling and thawing of the aqueous 

lation buffer is then added, as discussed above, to the suspension. In addition, amino acids function to further 

purified recombinant virus and the aqueous suspension is preserve viral infectivity during sublimation of the cooled 

either dried immediately or stored, preferably at -70° C. 10 aqueous suspension and while in the lyophilized state. A 

The aqueous suspension in crude or purified form can be preferred amino acid is arginine, but other amino acids such 

dried by lyophilization or evaporation at ambient tempera- as lysine, ornithine, serine, glycine, ghitamine, asparagine, 

hire. Briefly, lyophilization involves the steps of cooling the glutamic acid or aspartic acid can also be used. A particu- 

aqueous suspension below the gas transition temperature or larly preferred arginine concentration is 0.1% by weight, 

below the eutectic point temperature of the aqueous is Preferably, the amino acid concentration ranges from 0.1% 

suspension, and removing water from the cooled suspension to 10% by weigh L 

by sublimation to form a lyophilized virus. Within one The buffering component acts to buffer the solution by 

embodiment, aliquots of the formulated recombinant virus maintaining a relatively constant pH. A variety of buffers 

are placed into an Edwards Refrigerated Chamber (3 shelf may be used, depending on the pH range desired, preferably 

RC3S unit) attached to a freeze dryer (Supermodulyo 12K). 20 between 7.0 and 7.8. Suitable buffers include phosphate 

A multistep freeze drying procedure as described by Phillips buffer and citrate buffer. A particularly preferred pH of the 

et al. (Cryobiology 18:414, 1981) is used to lyophilize the recombinant virus formulation is 7.4, and a preferred buffer 

formulated recombinant virus, preferably from a tempera- is trometh amine. 

hire of -40° C. to -45° C. The resulting composition In addition, it is preferable that the aqueous solution 

contains less than 10% water by weight of the lyophilized 25 contain a neutral salt which is used to adjust the final 

virus. Once lyophilized, the recombinant virus is stable and formulated recombinant alphavirus to an appropriate isoos- 

may be stored at -20° C. to 25° C, as discussed in more motic salt concentration. Suitable neutral salts include 

detail below. sodium chloride, potassium chloride or magnesium chloride. 

Within the evaporative method, water is removed from A preferred salt is sodium chloride, 

the aqueous suspension at ambient temperature by evapo- 30 Aqueous solutions containing the desired concentration of 

ration. Within one embodiment, water is removed through the components described above may be prepared as con- 

spray-drying (EP 520,748). Within the spray-drying process, centrated stock solutions. 

the aqueous suspension is delivered into a flow of preheated It will be evident to those skilled in the art, given the 

gas, usually air, whereupon water rapidly evaporates from disclosure provided herein, that it may be preferable to 

droplets of the suspension. Spray-drying apparatus are avail- 35 utilize certain saccharides within the aqueous solution when 

able from a number of manufacturers (e.g., Drytec, Ltd., the lyophilized virus is intended for storage at room tem- 

Tonbridge, England; Lab- Plant, Ltd., Hudders field, perature. More specifically, it is preferable to utilize 

England). Once dehydrated, the recombinant virus is stable disaccharides, such as lactose or trehalose, particularly for 

and may be stored at -20° C. to 25° C. Within the methods storage at room temperature. 

described herein, the resulting moisture content of the dried 40 The lyophilized or dehydrated viruses of the subject 
or lyophilized virus may be determined through use of a invention may be reconstituted using a variety of substances, 
Karl-Fischer apparatus (EM Science Aquastar' V1B volu- but are preferably reconstituted using water. In certain 
metric utrator, Cherry Hill, N J.), or through a gravimetric instances, dilute salt solutions which bring the final formu- 
method. lation to iso tonicity may also be used. In addition, it may be 
The aqueous solutions used for formulation, as previously 45 advantageous to use aqueous solutions containing compo- 
described, are preferably composed of a saccharide, high nents known to enhance the activity of the reconstituted 
molecular weight structural additive, a buffering component, virus. Such components include cytokines, such as IL-2, 
and water. The solution may also include one or more amino polycations, such as protamine sulfate, or other components 
acids. The combination of these components act to preserve which enhance the transduction efficiency of the recons ti- 
the activity of the recombinant virus upon freezing and 50 tuted virus. Lyophilized or dehydrated recombinant virus 
lyophilization or drying through evaporation. Although a may be reconstituted with any convenient volume of water 
preferred saccharide is lactose, other saccharides may be or the reconstituting agents noted above that allow 
used, such as sucrose, mannitol, glucose, trehalose, inositol, substantial, and preferably total solubilization of the lyo- 
fructose, maltose or galactose. In addition, combinations of philized or dehydrated sample. 

saccharides can be used, for example, lactose and mannitol, 55 The following examples are offered by way of illustration, 
or sucrose and mannitol. A particularly preferred concentra- and not by way of limitation, 
tion of lactose is 3%-4% by weight. Preferably, the con- 
centration of the saccharide ranges from 1% to 12% by EXAMPLES 
weight. 

The high molecular weight structural additive aids in 60 Example 1 
preventing viral aggregation during freezing and provides 
structural support in the lyophilized or dried state. Within the 
context of the present invention, structural additives are 

considered to be of "high molecular weight" if they are The nature of viruses having an RNA genome of positive 

greater than 5000 m.w. A preferred high molecular weight 65 polarity is such that, when introduced into a eukaryotic cell 

structural additive is human serum albumin. However, other which serves as a permissive host, the purified genomic 

substances may also be used, such as hydro xyethyl- nucleic acid serves as a functional message RNA (mRNA) 
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molecule for translation of the viral replicase proteins. 
Therefore, this genomic RNA, purified from the virus, can 
initiate the same infection cycle that is characteristic of 
infection by the wild-type virus from which the RNA was 
purified. 

For example, Sindbis virus strain AR339 (ATCC #VR- 
1248, Taylor et al., Am. J. Trop. Med. Hyg. 4:844 1955; 
isolated from the mosquito Culexus univittatus) is propa- 
gated in baby hamster kidney (BHK-21) cells (ATCC ^CL- 
IO), infected at low multiplicity (0.1 PFU/cell). 
Alternatively, another HR-derived Sindbis virus strain, 
obtained from Lee Bioraolecular (San Diego, Calif.), also is 
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of the Apa I recognition sequence facilitates insertion of the 
PCR amplicon into the plasmid vector (pKS II*, Stratagene, 
San Diego, Calif.) polylinker sequence. A five nucleotide 
'buffer sequence' is also inserted prior to the Apa I recog- 
nition sequence in order to permit efficient digestion. The 
sequence of the SP6-5* Sindbis forward primer and all of the 
primer pairs necessary to amplify the entire Sindbis genome 
are shown below. (Note that "nt" and "nts" as utilized 
hereinafter refer to "nucleotide" and "nucleotides,** 
respectively). The reference sequence (GenBank accession 
no. SINCG) is from Strauss et at, Virology 133:92-110. 







Seq- 




Recognition 


Primer 


Location 


ID No. Sequence 


Sequence (5'-*3') 


SP6-1A 


Apa I/SP6/+ 


4 


TATATGGGCCCGATTTAGGTXjAC 


Apa I 




SIN nts. 1-18 




AdATAGATITjAOGGCGTAGTAC 
AC 


IB 


3182-3160 


5 


CTCKjCAACCGGTAAOTACXjATAC 


Age I 


2A 


3144-3164 


6 


ATACTAGCCACGGOCGGTATC 


Age I 


2B 


5905-5885 


7 


TCCTXrrTTCGACGTGTCGAGC 


EcoRI 


3A 


5844-5864 


8 


ACCTTGGAGOGCAATGTOCrG 


Eco RI 


7349R 


7349-7328 


9 


CCITITCAGGGGArCCGCCAC 


Bam HI 


7328F 


7328-7349 


10 


GTGGCGGATCCCCTGAAAAGG 


Bam HI 


3B 


9385-9366 


11 


TGGGCCGTGTGGTCGTCATG 


Bel I 


4A 


9336-9356 


12 


TGGGTCTTCAACrcACCGGAC 


Bell 


10394R 


10394-10372 


13 


CAATTCGACGTACGCCTCACTC 


BsiWI 


10373F 


10373-10394 


14 


GAGTGAGGCGTACGTCGAATTG 


BsiWI 


4B 


Xbal/dTV 


3 


TATATTCIAGA(rfr) 25 -GAAATG 


Xbal 




11703-11698 









used and propagated by the same methods. Sindbis virions 
are precipitated from a clarified lysate at 48 hours post- 
infection, with 10% (w/v) of polyethylene glycol (PEG- 
8000) at 0° C, as described previously. Sindbis virions 
which are contained in the PEG pellet are then lysed with 
2% SDS, and the polyadenylated mRNA isolated by chro- 
matography utilizing commercially available oligo-dT col- 
umns (Invitrogen, San Diego, Calif.). 

Two rounds of first strand cDNA synthesis are performed 
on the polyA selected mRNA, using an oligonucleotide 
primer with the sequence shown below: 

5 t -TATAITCIAGA(dT) 25 -GAAArG-3 r (SE0. ID N03) 
Briefly, this primer contains at its 5' end, a five nucleotide 
'buffer sequence' for efficient restriction endonuclease 
digestion, followed by the Xba I recognition sequence, 25 
consecutive dT nucleotides and six nucleotides which are 
precisely complementary to the extreme Sindbis 3* end. 
Thus, selection for first round cDNA synthesis occurs at two 
levels: (1) polyadenylated molecules, a prerequisite for 
functional mRNA, and (2) selective priming from Sindbis 
mRNA molecules, in a pool possibly containing multiple 
mRNA species. Further, the reverse transcription is per- 
formed in the presence of 10 mM MeHgOH to mitigate the 
frequency of artificial stops during reverse transcription. 

Primary genomic length Sindbis cDNA is then amplified 
by PCR in six distinct segments using six pairs of overlap- 
ping primers. Briefly, in addition to viral complementary 
sequences, the Sindbis 5' end forward primer is constructed 
to contain a 19 nucleotide sequence corresponding to the 
bacterial SP6 RNA polymerase promoter and the Apa I 
restriction endonuclease recognition sequence linked to its 5' 
end. The bacterial SP6 RNA polymerase is poised such that 
transcription in vitro results in the inclusion of only a single 
non-viral G ribonucleotide linked to the A ribonucleotide, 
which corresponds to the authentic Sindbis 5* end. Inclusion 



30 

PCR amplification of Sindbis cDNA with the six primer 
sets shown above is performed in separate reactions, using 
the THERMALASE™ thermostable DNA polymerase 
(Amresco Inc., Solon, Ohio) and the buffer containing IS 
35 mM MgClj, provided by the supplier. Additionally, the 
reactions contain 5% DMSO, and the HOT START WAX™ 
beads (Peririn-Elmer), using the PCR amplification protocol 
shown below: 



40 



Temperature (°C.) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


3.5 




72 


10 


10 



Following amplification, the six reaction products are 
inserted first into the pCR II vector (Invitrogen), then using 

50 the appropriate enzymes shown above, are inserted, 
stepwise, into the pKS D 4 " (Stratagene) vector, between the 
Apa I and Xba I sites. This clone is designated as 
pVGSP6GEN. 

The Sindbis genomic cDNA clone pVGSP6GEN is lin- 

55 earized by digestion with Xba I, which cuts pVGSP6GEN 
once, immediately adjacent and downstream of the 25 
nucleotide long poly dA:dT stretch. The linearized 
pVGSP6GEN clone is purified with GENECLEAN™ (BIO 
101, La Jolla, Calif.), and adjusted to a concentration of OS 

60 mg/ml. Transcription of the linearized pVGSP6GEN clone 
is performed in vitro at 40° C. for 90 minutes according to 
the following reaction conditions: 2 ul DNA/4.25 ul H 2 0; 10 
ul 2.5 mM NTPs (UTP, ATP, GTP, CTP); 1.25 ul 20 mM 
Me7 °( 5 ')pPP(5 , )G cap analogue; 1.25 ul 100 mM DTT; 5 ul 

65 5X transcription buffer (Promega, Madison, Wis.); OS ul 
RNasin (Promega); 0.25 ul 10 mg/ml bovine serum albumin; 
and 0.5 ul SP6 RNA polymerase (Promega). The in vitro 
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transcription reaction products can be digested with DNase 
I (Promega) and are purified by sequential phenol/CHCl 3 
and ether extraction, followed by ethanol precipitation, or 
alternatively, can be used directly for transfection. The in 
vitro transcription reaction products or purified RNA are 
complexed with a commercial cationic lipid compound (for 
example, LiPOFECTIN™, GIBCO-BRL, Gaithersburg, 
Md.), and applied to BHK-21 cells maintained in a 60 mM 
petri dish at 75% confluency. The transfected cells are 
incubated at 30° C. After 94 hours post-transfection, exten- 
sive cytopathologic efifects (CPE) are observed. No obvious 
CPE is observed in plates not receiving RNA transcribed 
from the Sindbis cDNA clone. Further, 1 ml of supernatant 
taken from transfected cells, added to fresh monolayers of 
BHK-21 cells, and incubated at 3(f C. or 37° C. results in 
obvious CPE within 18 hours. This demonstrates that the 
Sindbis cDNA clone pVGSP6GEN is indeed infectious. 



Sequence analysis of pVGSP6GEN, shown in Table 1, 
reveals multiple sequence differences between the Sindbis 
genomic clone described herein, and the viral clone 
sequence provided in Genbank (GenBank Accession No. 
SINCG). Many sequence differences result in the substitu- 
tion of non-conservative amino acids changes in the Sindbis 
proteins. To address which sequence changes are unique to 
the virus strain used for cloning, as described herein, or are 
a result of cloning artifact, virion RNA is amplified by 30 8637 
RT-PCR as described above, and sequence relating to the 
nucleotides in question is determined by direct sequencing 
of the RT-PCR amplicon product, using a commnercially 
available kit (Promega, Madison Wis.), and compared to the 
corresponding pVGSP6GEN sequence. The results of this 
study are given in Table 2. Briefly, three non-conservative 
amino acid changes, Gly->Ghi, Asp-*Gly, and Tyr-»Cys, 
which are a result of cloning artifact are observed respec- 
tively at viral nucleotides 2245, 6193, and 6730. These 40 
nucleotide changes resulting in non-conservative amino acid 
changes all map to the viral non-structural protein (NSP) 
genes, nt 2245 to NSP 2, and nts 6193 and 6730 to NSP4. 
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TABLE 1 



SINDBIS GENOMIC CLONE DIFFERENCES BETWEEN 
FVGSP6GEN AND GENBANK 

Location amino ai 





SIN nt # 


Change 


Cod on Change 


in Cod on 


change 




Noocoding 1 


legion: 








10 


45 


T— C 


Nj\. 


N.A. 


N.A. 




Non-structural Proteins: 










353 


C— T 


UAU— UAC 


3' 


Tyr— Tyr 




1095 


A— C 


AUA— CUA 


1' 


lie— Leu 




1412 


T— C 


UUU— UUC 


3" 


Phe— Phe 


15 


2032 


A— G 


GAG— GGG 


2' 


Ghi— Gly 




2245 


G— A 


GGG— GAG 


T 


Gly— Ghi 




2258 


A— C 


UCA— UCC 


3* 


Ser— Ser 




2873 


A— G 


CAA— CAG 


3' 


Gin— Gin 




2992 


C— T 


CCC— CUC 


2* 


Pro— Leu 




3544 


T— C 


GUC-K3CC 


2 


\fcl— Leu 


20 


3579 


A— G 


AAA— GAA 


1' 


Leu— Glu 




3822 


A— G 


ACC— GCC 


1' 


Thr— Ak 




3851 


T— C 


cuu— cue 


3' 


Leu— Leu 




5351 


A— T 


CAA— CAU 


3' 


Gin— His 




5466 


G— A 


GGU— AGU 


1* 


Gly— Ser 




5495 


T— C 


AUU— AUC 


3* 


De— De 


25 


5543 


A— T 


ACA— ACU 


3" 


Thr— Thi 


5614 


T— C 


GUA— GCA 


2' 


Vy-Ala 




6193 


A-G 


GAC-GGC 


2' 


Asp— Gly 




6564 


G— A 


GCA— ACA 


1* 


Ala— Thr 




6730 


A— G 


UAC— UGC 


2* 


Tyr— Cys 




Structural Proteins: 






30 


8637 


A— G 


AUU— GUU 


V 


lie— Val 




8698 


T— A 


GUA— GAA 


2' 


Vkl— Ghi 




9108 


AAG del 


AAG— del 


l*-3* 


Ghi— del 




9144 


A— G 


AGA— GGA 


1' 


Arg— Gly 




9420 


A— G 


AGU— GGU 


1' 


Ser— Gly 




9983 


T— G 


GCU— GCG 


y 


Ala— Ala 


35 


10469 


T— A 


AUU— AUA 


3' 


De— He 


10664 


T— C 


uuu— uue 


3' 


Phe— Phe 




10773 


T— G 


UCA— GCA 


1' 


Ser— Ala 



TABLE 2 



SINDBIS GENOMIC CLONE ARTIFACT ANALYSIS 



Repair of the NSP 2 and NSP 4 genes is accomplished by 
RT-PCR, as described above, using virion RNA from a 5 
times plaque purified stock. The SP6-1A/1B primer pair 
described above is used to repair the nt 2245 change. The 
RT-PCR amplicon product is digested with Eco 47III and 
Bgl II, and the 882 bp fragment is purified by 1% agarose/ 
TBE gel electrophoresis, and exchanged into the corre- 
sponding region of the pVGSP6GEN clone, prepared by 
digestion with Eco 47III and Bgl II, and treatment with 
CLAP. The 3A/7349R primer pair described above is used to 
repair the nt 6193 and nt 6730 changes. The RT-PCR 
amplicon product is digested with Eco RI and Hpa I, and the 
1,050 bp fragment is purified by 1% agarose/TBE gel 
electrophoresis, and exchanged into the corresponding 
region of the pVGSP6GEN clone. This clone is designated 
pVGSP6GENrep. Transfection of BHK cells with in vitro 
transcribed RNA from pVGSP6GENrep DNA, linearized by 
digestion with Xba I as described above, results in extensive 
CPE within 18 hours post-transfection. 



45 



50 



55 



60 



65 





Amino Aod 


pVGSP6GEN 


Cloning 


SINnt# 


change 


Unigue 


Artifact 


Nonstructural Proteins: 






2032 


Ghi— Gly 


+* 




2245 


Gly-Glu 




+ 


2258 


Ser— Ser 


+* 




2873 


Gin— Gin 


+ 




2992 


Pro— Leu 


+ 




3544 


Val— Leu 




+ 


3579 


Leu— Glu 


+ 




3822 


Thr— Ala 




+ 


3851 


Leu— Leu 




+ 


5351 


Gin— His 


+ 




5466 


Gly— Ser 




+ 


5495 


De— lie 




+ 


5543 


Thr— Thr 




+ 


6193 


Asp— Gly 




+ 


6730 


Tyr— Cys 




+ 


Structural Proteins: 






8637 


Ue— Val 


+ 




8698 


Val— Ghi 


+ 




9108 


Glu— del 


+ 




9144 


Arg— Gly 


+ 





•Mixture: Both Genbank and pVGSP6G£N Sindbis strains present at this 
nucleotide. 
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Example 2 thermostable DNA polymerase and the buffer containing 1 5 
GENERATION OF DNA VECTORS WHICH MgCl, provided by the supplier Additionally tta 

INITIATE ALPHAVTRUS INFECTION: readion contains 5% DMSO, and the HOT START WAX™ 
EUKARYOTIC LAYERED VECTOR INITIATION USmg PCR am P llficaUM P rotoco1 ^ OWD ^low: 



SYSTEMS 



Temperature (°C.) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


0.5 




72 


10 


1 



As noted above, the present invention provides eukaryotic 
layered vector initiation systems which generally comprise 
a promoter which is capable of initiating the 5' synthesis of 
RNA from cDNA, a construct which is capable of autono- 10 
mous or autocatalytic replication in a cell, the construct also 
being capable of expressing a heterologous nucleic acid 
sequence, and a 3 r sequence which controls transcription 
termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5' 15 Amplification of the Sindbis 5* end in the second primary 
eukaryotic promoter capable of initiating the synthesis of VCR reactlon * accomplished reaction containing the 
viral RNA at the authentic alphavirus 9 end, a 5' sequence pVGSP6GENrep clone and the following pnmer 
which ^is capable of initiating ^transcription of an alphavirus, Forward primer qa 0 -MU/ LTR nts 421-441/SIN nts 
a nucleotide sequence encoding alphavirus non-structural 1-16V 
proteins, a viral junction region, a heterologous sequence, an 20 

alphavirus RNA polymerase recognition sequence, and a 3' 

transcription termination/polyadenylation signal sequence. 5 '<xacaaccxxtcactcxkkKj aitg acggcgtagt^ 

Such alphavirus cDNA expression vectors may also include (SEQ* 10 NO - 17 ) 

intervening sequences (introns), which are spliced from the 
pre -RNA in the nucleus prior to transport to the cytoplasm, 25 

and which may improve the overall efficiency of the system, Reverse primer: (SIN nts 3182-3160): 
in terms of molecules of functional mRNA transported to the 

cytoplasm/nuclear DNA template. The intron splicing sig- 

nals are located, for example, between Sindbis and beter- f^ 5 ^^^^ 0 ^ 00 ^ 0 

ologous gene regions as described in Example 3. 30 

Construction of a eukaryotic layered vector initiation 
system utilizing ^the Sindbis clone pVGSPeGENrep and Maitioa of ^ Mo . MLV LXR ^ accomplished 

mammauan RNApoljnmerase II promotersis accomplished ^ ^ ^ ^ ^ lification reaction 

^ pVGSP6GENrep js digested describe /^ v J ut ^ g J PCR amplification protocol 

with Bgl II and Xba 1, and the reaction products are 35 S ^ QWQ j, e i ow - 
electrophoresed on a 0.8% agarose/TBE gel. The resulting 
9,438 bp fragment is excised, purified with 
GENECLEAN™, and ligated into the 4,475 bp vector 
fragment resulting from treatment of pCDNA3 (Invitrogen) 
with Bgl II, Xba I, and CLAP. This construction is designated 40 
as pcDNASINbgVxba. 

The U3 region of the long terminal repeat (LTR) from 
Moloney murine leukemia virus (Mo-MLV) is positioned at 
the 5' viral end such that the first transcribed nucleotide is a 
single G residue, which is capped in vivo, followed by the 45 

Sindbis 5* end Juxtaposition of the Mo-MLV LTR and the The 457 bp and 3202 bp products from the primary PCR 
Sindbis 5* end is accomplished by overlapping PCR as reactions are purified with GENECLEAN™, and combined 
described below. Amplification of the Mo-MLV LTR in the in a secondary PCR reaction with the following primer pair: 
first primary PCR reaction is accomplished in a reaction 

containing the BAG vector (Price et al., PNAS 84:156-160, 50 Forward primer BAGBgl2Fl (buffer sequence/Bgl II rec- 
1987) and the following primer pair: °ff^on sequence/Mo-MLV LTR nts 1-22): 

Forward primer: BAGBgl2Fl (buffer seguence/Bgl II rec- 
ognition seguence/Mo-MLV LTR nts 1-22): 5 -TAaATAGAixnAArxj aaag acccx^cctctagg 

(SEQ. ID NO. 15) 

55 



Temperature (°C.) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


3.0 




72 


10 


1 



5'-TATATAGATCTAATCAAAGACCCCACCTGTAGG 
(SEQ. ED NO. 15) 



Reverse primer: (SIN nts 2300-2278): 



Reverse primer BAGwt441R2 (SIN nts 5-1/Mo-MLV LTR 

nts 441-406): 60 S'^khaacaagatctcgtgccgtg 

(SEQ. ID NO. 19) 



5 '-TC AATCCCCG AGTG AGGGGTTGTGGGCRnTTT^ 
(SEQ. ID NO. 16) 



PCR amplification of the Mo-MLV LTR with the primer 
pair shown above is performed using the THERMALASE™ 



PCR amplification of the primer PCR amplicon products 
65 is accomplished utilizing the primer pair and amplification 
reaction conditions shown above, and using the following 
PCR amplification protocol: 
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Example 3 

PREPARATION OF RNA AND DNA 
ALPHAVIRUS VECTORS 
A. CONSTRUCTION OF THE SINDBIS BASIC VECTOR 
A first step in the const ruction of the Sindbis Basic Vector 
is the generation of two plasm id subclones containing sepa- 
rate elements from the viral 5* and 3 r ends. These elements 
may then be utilized in order to subsequently assemble a 

The 25 3' terminal bases of the first primary PCR ampli- 30 "f? ^ - 
con product overlaps with the 25 5' terminal bases of the Bnefl y' me ™* pi™** subclone is constructed to con- 
second primary PCR amplicon product; the resultant 2,752 tam the 40 terminal nucleotides of the viral 3' end and a 25 
bp overlapping secondary PCR amplicon product is purified base pair stretch of consecutive dA;dT nucleotides. In 
by 0.8% agarose/TBE electrophoresis, digested with Bgl II, particular, the following oligonucleotide pairs are first syn- 
and the 2,734 bp product is ligated into pcDNASINbgl/xba thesized: 

treated with Bgl H and CLAP. The resulting construction is 15 Forward Primer: SIN11664F: (buffer sequence/Not I site/ 

16,656 bps and is designated pVGELVIS. The sequence of SIN nts 11664-11698): 



Temperature (°C.) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


3.0 




72 


10 


1 



5 '-TAXATArAIXITXXKjCC^ 
(SEQ. ID NO. 20) 



Reverse Primer SINSacll700R (buffer sequence/Sac I site 
OT25/SIN nts 11700-11692): 



S^TArj^AGCTXJll'l'il'l'lUlTt'lTI'l'l^'lUllllUlGAAAIXnTAAAA 
(SEQ. tD NO. 21) 



pVGELVIS is given in FIG. 3 (SEQ .ID NO. 1). Sindbis 
nucleotides are contained within bases 1-11 ,700 of the 
sequence. 

pVGELVIS plasmid DNA is complexed with LIPO- 
FECTAMINE™ (GIBCO-BRL, Gaithersburg, Md.) accord- 
ing to the conditions suggested by the supplier (ca. 5 ug 
DNA/8 ug lipid reagent) and added to 35 mm wells con- 
taining BHK-21 cells at approximately 75% confluence 
Cytopathic effects (CPE), characteristic of wild type Sindbis 
virus infection are observed within 48 hours post-infection. 
Addition of 1 ml of transfection supernatant to fresh BHK- 
21 monolayers results in CPE within 16 hrs. This data 
demonstrates the correct juxtaposition of viral cDNA and 
RNA polymerase II expression cassette signals in the 
pVGELVIS construct, resulting in the de novo initiation of 
an RNA virus from a DNA expression module. 

In order to determine the relative efficiency of the 
pVGELVIS plasmid DNA to initiate infection characteristic 
of wild type Sindbis virus after transfection into BHK cells, 
an infectious centers assay is performed. Briefly, 5 ug of 
pVGELVIS plasmid DNA is transfected into BHK-21 cells 
in 35 mm wells as described above, and at 1.5 hours post 
transfection the cells are trypsinized and serially diluted 
10,000-fold, over 10-fold increments, into 5x10 s untreated 
BHK cells. This transfected and untreated BHK cell mixture 
is then added to 35 mm wells. The cells are allowed to attach 
to the plate, and subsequently overlayed with media con- 
taining 1.0% Noble Agar. At 48 hrs post transfection, 
plaques due to cell lysis (as a result of Sindbis virus 
replication) are visualized either directly or after overlaying 
with a second layer containing Neutral Red Stain. This 
experiment reveals that the efficiency of the pVGELVIS 
plasmid in generating wild type Sindbis virus after trans- 
fection onto BHK cells is approximately lxlO 4 PFU/ ug of 
plasmid DNA. 



The above oligonucleotides are then mixed together at 
equal molar concentrations in the presence of 10 mM 
MgCla, heated to 100° C. for 5 minutes and cooled slowly 

35 to room temperature. The partially double-stranded mol- 
ecule is then filled in using Klenow DNA polymerase and 50 
uM dNTPs. The resultant 89 bp molecule is then digested 
with Not I and Sac I, purified on a 2% NuSieve/1% agarose 
gel, and ligated into pKS 11+ plasmid (Stratagene, La Jolla, 

40 Calif.), prepared by digestion with Not I and Sac I and 
treatment with CLAP, at a 10: 1 molar excess of insertvector 
ratio. This construction is designated pKSID' SIN. 

The second plasmid subclone is constructed to contain the 
first 5' 7,643 nucleotides of Sindbis, and a bacteriophage 

45 RNA polymerase promoter is positioned at the viral 5' end 
such that only a single non-viral nucleotide is added to the 
authentic viral 5* end after in vitro transcription. Briefly, the 
3 r end of this clone is derived by a standard three tempera- 
ture PCR amplification with a reverse primer having the 

50 sequence shown below. 

Reverse Primer. SINXho7643R (buffer sequence/Xho I site/ 
SIN nts 7643-7621): 



5 TATAItnXXjAGGGTGGTGTrXjTAGTArT\GTCAG 
(SEQ. ID NO. 22) 



The reverse primer maps to viral nucleotides 7643-7621 
and is 41 bp downstream from the junction core element 3* 

60 end. Additionally, viral nucleotide 7643 is 4 nucleotides 
upstream from the structural protein gene translation initia- 
tion codon. The first five 5* nucleotides in this primer are 
included to serve as a 'buffer sequence 1 for the efficient 
digestion of the PCR amplicon products, and are followed 

65 by 6 nucleotides comprising the Xho I recognition sequence. 
The forward primer in this reaction is primer 2A 
(described in Example 1), having the following sequence: 
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re-ligalion under dilute conditions. This construction, des- 

ignated pVGSP6GENdlBsp (also known as "dlBsp El") is 

AiACiAGCCACGGCCGGTAir (seq. id no. 6) deIeted of nonstructural gene sequences between bases 

422-7,054, and is shown schematically in FIG. 5. Transalp- 
ine 4510 bp amplicon product, resulting from the PGR 5 tion lD y ^ [ro of Xba I-linearized pVGSP6GENdlBsp is as 
amplification shown above with pVGSP6GENrep plasmid described in Example 1. Transfecuons and co-transfections 
(described in Example 1) as template, is digested with the are performed by complexing in vitro transcription products 
enzymes Sfi I and Xho I. The resultant 2526 bp fragment is LIPOFECTTN™ and applying to BHK-21 cells. The 

gel purified. Sindbis cDNA clone pVGSP6GENrep is also expression of hiciferase in transfected cells is tested 18 
digested with Apa I and Sfi I, and the resultant 5144 bp 30 hours after "-ansfection. Additionally, 1 ml of the transfec- 
fragment which includes the SP6 RNA polymerase promoter uon supernatant is used to infect a confluent monolayer of 
at its 5' end is gel purified. The 5144 bp fragment is ligated BHK-21 cells and the expression of luciferase is tested at 24 
together with the 2526 bp fragment from above, along with hours post-infection. 

Apa I and the Xho I digested CIAP treated pKS 11+ plasmid. ^ results of this experiment shown in FIG. 6, demon- 
A clone is isolated having the Sindbis nucleotides 1-7643 15 strate dearly abundant reporter gene expression follows 
including the RNA polymerase promoter at its 5' end con- transfection of BHK-21 cells with in vitro transcribed RNA 
tained in the pKSII+ plasmid vector. This construction is from pKSSINBV-luc, and transfer (e.g., packaging) of the 
designated pKSII5' SIN. expression activity when cells are co-transfected with in 

Assembly of the complete basic vector is accomplished vitro transcribed RNA from pVGSP6GENdlBsp. 
by digesting pKSII5 ! SIN with Xho I and Sac I, treating with 20 D - CONSTRUCTION OF ALTERED JUNCTION 
CIAP, and gel purifying of a large 10,533 bp fragment The REGION SINDBIS VECTORS 

10,533 bp fragment is then ligated together with a 168 bp In order to inactivate the Sindbis viral junction region, 
small fragment resulting from digestion of pKSID* SIN with nucleotides within the NSP4 carboxy terminus and junction 
Xho I and Sac I. This resultant construction is designated region overlap are changed, and the vector nucleotides 
pKSSINBV(also known as SINDBIS basic vector, see FIG. 25 corresponding to Sindbis are terminated prior to the subge- 
4y nomic initiation point at Sindbis nt 7598. This construction 

B. CONSTRUCTION OF SINDBIS LUCIFERASE VEC- fa shown schematically in FIG. 7. 

TOR Briefly, a fragment is PCR amplified from the pKSSINBV 

The firefly luciferase reporter gene is inserted into the clone under constringent reaction cycle conditions utilizing 
Sindbis Basic Vector in order to demonstrate the expression 30 a reverse primer having the following sequence: 
of a heterologous gene in cells transfected with RNA that is 

transcribed in vitro from the Sindbis vector clone, and to WArtKKXXX:iT ^ OA0C ^^ AGCO ^ mTCO0C 
demonstrate the overall functionality of the Sindbis basic (seq. ro NO 23) ~ - — _ 

vector. ■ 

Construction of the Sindbis luciferase vector is performed 35 
by assembling together components of 3 independent plas- ^ underlined bases in the reverse primer relate to nucle- 
mids: pKSII5' SIN, pKSII3' SIN, and pGL2^basic vector. otide chan S es which 0311 be made m junction region 
The P GL2-basic vector plasmid (Promega, Madison, Wis.) wlthoul Meeting the coded amino acid (see below). All of 
contains the entire firefly luciferase gene. Briefly, the me nucleotide changes are transversions. 
luciferase gene is first inserted into the pKSII3* SIN plasmid. 40 3 ' end of NSP 4 nts 7580-7597): 
This is accomplished by digesting pGL2 with Bam HI and 

Hind III, and gel purifying a 2689 bp containing fragment. tct cta cgg tgg toc xaa (seq. id no. 24) 
This fragment is ligated with a gel purified 3008 bp large scr leu arg tip scr stop (seq. id no. 25) 

fragment resulting from digestion of pKSI13' SIN with Bam g c a t 

HI and Hind III and treatment with CIAP. The resultant 45 (resulting nt changes from reverse primer) 

construction is designated pKSID 1 SIN-luc. 

Final assembly of a Sindbis luciferase vector is accom- The reverse primer is complementary to Sindbis nts 
phshed by digesting pKSItf SIN with Xho I and Sac I, 7597-7566 (except at nucleotides, as shown, where junction 
treating with CIAP, and gel purifying the large 10,533 bp region changes were made), and includes at its 5* end the 6 
fragment. The pKS 5» SIN 10,533 bp fragment is ligated 50 nucleotide Apa I recognition sequence following a 5' termi- 
together with the 2854 bp small fragment resulting from D al TATAT tail 'buffer sequence' for efficient enzyme diges- 
digestion of pKSlB* SIN-luc with Xho I and Sac I. This tion. 

construction contains the entire Sindbis nonstructural gene The forward primer in this reaction is primer 2A (described 
coding region and 3' viral elements necessary for genome in Example 1), having the following sequence: 
replication, as well as the firefly luciferase gene positioned 55 

between these two viral 5* and 3* elements. This vector is . 

designated pKSSINBV-luc (also known as SINDBIS- 5 '- ATACTAGCCACGGCCGGTArc 

luciferase) and is shown schematically in FIG. 4. (SEQ. ID NO. 6) 

C. EXPRESSION OF LUCIFERASE IN TRANSFECTED " 

AND INFECTED BHK-21 CELLS 60 The 4,464 bp amplicon resulting from a PCR reaction 

In order to test the functionality of the Sindbis Basic with pKSSINBV template and using the primer pair 
Vector, the expression of hiciferase in cells transfected with described above is digested with Sfi I and Apa I and the gel 
RNA transcribed in vitro from Sac I-linearized pKSSINBV- purified 2,480 bp fragment is ligated together with the gel 
luc, as described in Example 1, is tested purified 5,142 bp fragment resulting from the digestion of 

In addition, a complementary packaging vector, which is 65 pKSSINBV with Apa I and Sfi I, and with the gel purified 
deleted of most of the non structural gene region, is con- 2,961 bp fragment resulting from the digestion of pKSII+ 
structed by digestion of pVGSP6GENrep with Bsp EI and with Apa I and from the treatment with CIAP. This 
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construction, comprised of Sindbis nucleotides 1-7597, oligonucleotide 1: 
including the changes in the junction region described 
above, and including the bacterial SP6 promoter attached to 



Sindbis nt 1 is referred to as pKS5' SINdlJR. (s^ro no 26) 

Final construction of the inactivated junction region vec * 



5 -CAIXJIXn AOGtrrcG-IXXTAAATAGTC 



tor is accomplished by ligation of the 7,622 bp large Sindbis oligonucleotide 2' 
fragment resulting from digestion of pKS5* SINdlJR with 
Apa I, with the 3,038 bp fragment resulting from digestion 



of pKSIIJ SIN with Apa I and treatment with OAR The 1Q 5'-tcgagactatttaggacxiv\ccgtagagatgggcc 

positive orientation of the 5* Sindbis element, relative to the ( SEQ * ro Na 27 ) 
3' Sindbis element, is confirmed by restriction endonuclease 

analysis. This construction is referred to as The oligonucleotides above are mixed together in the pres- 

pKSSINBVdlJR. ence of 10 mM Mg 2+ , heated to 100° C for 5 minutes and 

Initiation and synthesis of subgenomic mRNA cannot is coojed slowly to room temperature. Hie annealed oligo- 

occur from the pKSSINBVdlJR vector. In order to prove ^^hTtr «~ 7 "2? °^ ^ 

... ,. nkr t t . . pKSSINBVdlJR vector, prepared accordingly: complete 

^ ZT^/ Tio^x'^!^ P 051118 dig^on with Xho I, followed by digestion^* Apa I Jnder 

the pKSSINB V and pKSSINBVdlJR vectors are performed. partial conditions, resulting in one Apa I induced cleavage 

Briefly, a 32 P-end labeled RNA probe complementary in part per molecule (of two cleavages possible), gel purification of 

to the junction region, including the subgenomic RNA 20 the 10,655 bp fragment, and treatment with CLAP. This 

initiation point at viral at 7,598 is used to hybridize with the vector containing the entire nonstructural protein coding 

viral RNA resulting from the transection of BHK-21 cells region which terminates in an inactivated junction region 

with the pKSSINBV and pKSSINBVdlJR vectors. The core, attached to a synthetic junction region core and fol- 

RNase protection assay demonstrates that cells transfected lowed by 3' viral elements required for replication, and 

with pKSSINBV have two fragments, of genomic and 25 contained in the pKSII+ plasmid, is known 

subgenomic specificity, while cells transfected with pKSSINdlJRsjrc. 

pKSSINBVdlJR have only a single fragment of genomic In order to regulate the level of subgenomic mRNA 

specificity. These results prove that the junction region in the synthesis, further modifications of the tandemly inserted 

pKSSINBVdlJR vector is indeed inactivated. synthetic junction region core in plasmid pKSSINdlJRsjrc 

In order to test translation of genomic RNA from the arc performed. These modifications of the junction region 

region corresponding to the subgenomic RNA message, the core may be accomplished by at least two approaches: 

luciferase reporter gene is inserted into the inactivated nucleotide changes within the junction region core; or 

junction region vector pKSSINBVdlJR described above. extension at the 5* and 3' junction region core termini of 

This construction is accomplished by digesting the flanking Sindbis nucleotides, according to the authentic viral 

pKSSINBVdlJR with Xho I and Sac I, treating with CIAP, 35 sequence. The minimal junction region core, spanning viral 

and gel purifying the resulting 10,197 bp fragment. The nts 7579-7602 is shown below: 
pKSSINBVdlJR fragment is ligated together with the 2854 

bp small fragment resulting from digestion of dICSM' 

cixr 1, *.uvu i jo i Tu* r « • 5-ATCTCTACGGTGGTCCTAAATAGT 

SIN-luc with Xho I and Sac I. This construction contains the ^ ^ SEQ IDNO 2) 
entire Sindbis nonstructural gene coding region terminating 



in an inactivated junction region at Sindbis nt 7597, and 3 r 
viral elements necessary for genome replication; the firefly Bv comparing genomic sequence between eight 
luciferase gene is placed between these two viral 5' and 3' alphaviruses, it has been shown previously that there is 
elements. This vector is known as pKSSINBVdlJR-hic. sequence diversity within the junction region core. Shown 

The expression of the reporter gene from the 45 belcw, ^particular jur^^^ 
pKSSINB VdlJR-luc vector is tested in transfected BHK-21 nucI ^ ude f ° llowed by the corresponding nucleotide found 
cells. Translation of functional luciferase protein is deter- m ° tber ^P navmises: 
mined by the hiciferin luminescent assay, using a huninom- 
eter for detection. The sensitivity in this assay is lxlO -20 50 
moles of luciferase. Given that the molecular weight of 
luciferase is 62,000 daltons, this limit of detection trans- 
forms to 6,020 molecules. Thus, in a typical experiment if 
only 0.6% of the lxlO 6 cells contained in a 60 mM petri dish 
are transfected with the pKSSINB VdlJR-luc vector, and if 55 
these transfected cells express only a single functional 
molecule of luciferase, the enzymatic activity is detected by 
the assay used. It is important to demonstrate in this experi- 
ment that the junction region of the pKSSINBVdlJR-luc 
vector is inactivated. This is accomplished by an RNase gg 
protection assay, comparing the viral RNA's synthesized in 
cells transfected with the pKSSINBVdUR-luc and the Junction region changes at Sindbis nts 7579, 7580, 7581, 
pKSSINBV-hic vectors, using the probe described above. 7583, 7539, 7590, 7591, 7592, result in potential amino acid 

The minimal -l9-*+5 junction region core oligonucle- coding changes within all 5 codons of the carboxy terminus 
otide pair, comprised of Sindbis nts 7579-7602, is synthe- 65 of NSP 4 which overlap in the junction region. These 
sized in vitro, and flanked with Apa I and Xho I recognition changes observed in the junction region between alphavi- 
sequences as shown: ruses at the level of NSP 4 coding potential and at the level 



Nucleotide 




Permissive 


Number 


Sindbis 


Change 


7579 


A 


C 


7580 


U 


c 


7581 


C 


u 


7583 


C 


G 


7589 


u 


C 


7590 


G 


U 


7591 


G 


A 


7592 


U 


A 


7600 


A 


UorG 


7602 


U 


G or A 
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of junction region cis activity may represent either, or both, oligonucleotide 1: 
permissive changes in NSP 4 and the junction region which 

do not affect functionality, or on the other hand, simply ^ _ 

different viruses. In any event, the junction region changes ^^^^^^^ CCTAAAGGAC 

presented herein regard the tandemly inserted junction 5 

region core, from which no NSP protein synthesis occurs. 
Discussed above, translation of the entire NSP region occurs oligonucleotide 2: 
from the pKSSINBVdlJR construct. Junction region 



changes at Sindbis nts 7600 and 7602 are downstream of the s-TCGAGTCCTlTAGGTrAGCCGTACAAGGGGGOC 
NSP 4 termination codon and upstream of the structural (SEQ. ID NO. 29) 



proteins initiation codon. 

Locations of nucleotide differences within the junction The oligonucleotides above are mixed together in the p res- 
region core observed between the several alphavirus strains ence of 10 mM Mg, heated to 100° C. for 5 minutes and 
are referred to here as permissive changes. Locations of 15 cooled slowly to room temperature. The annealed oligo- 
nucleotides within the junction region core corresponding to nucleotides are ligated at a 25:1 molar ratio of insert to the 
conserved sequences between the several alphavirus strains pKSSINBVdlJR vector, prepared accordingly: complete 
are referred to here as nonpermissive changes, digestion with Xho I, followed by digestion with Apa I under 

To decrease the level of subgenomic mRNA initiation conditions, resulting in one Apa I induced cleavage 

from the synthetic junction region core, changes are made ™tadc ,(pi too cleavages possible), gel pur^caUon of 

separately within nucleotides ^responding! permissive ^ WSSbp fragmen^d U^tment wUh CIAP. This 

r m **t_* 1 4 * j ^ vector is known as pKSSINdlJRsirPc. 

changes, and within nucleotides corresponding to nonper- ^ of tbe 13 £ m 759g nQt ^ ^ 

missive changes. Junction region nucleotides corresponding nuclcotides m the junction ion core are ch d 

to permissive changes are given in the table above. Fourteen ^ ^^0^^ the following rules, resulting in the most 

junction region nucleotides for which no changes are drastic transversional substituuon: 

observed among the eight alphaviruses sequenced (Semliki A-*C 

Forest virus, Middleburg virus, Ross River virus, O'Nyong T-+G 

Nyong virus, Eastern Equine Encephalitis virus, Western 

Equine Encephalitis virus, and Venezuelan Equine Encepha- G-*T 

litis virus) are given below: C->A 

For example, nt 7582 is changed from T-M3, using the 

following oligonucleotide pair, synthesized in vitro, and 

Nucleotide Number: flanked with Apa I and Xho I recognition sequences as 

shown: 



7584 oligonucleotide 1: 

7585 

7586 



7587 5 '^^XCGCTACGGTGGTCCTAAATAGTC 

7588 (SEQ. UO NO. 30) 

7593 40 

7594 

7595 oligonucleotide 2: 

7596 

7597 

7598 
7599 
7601 



5 '-TCG AG ACTAITTAGG ACCACXXjTAGCG AIXKKjOC 
45 (SEQ. ID NO. 31) 



Changes within the junction region observed among 
alphaviruses may reflect a specific interaction between a 
given alphaviral RNA polymerase and its cognate junction 50 
region. Thus, changes among the "permissive" nucleotides 
may result in as marked a decrease in tbe subgenomic 
mRNA synthesis levels as changes among the "nonpermis- 
sive" nucleotides of the junction region. On the other hand, 
these may indeed be sites of permissive change within the 55 
junction region core. 

The single authentic nonpermissive change within the 
junction region core is likely Sindbis nt 7598, corresponding 
to the subgenomic MRNA initiation point. Changes of this go 
nucleotide in the tandemly inserted junction region core of 
plasmid pKSSINdlJRsjrc are not described here. 

Substitution of the permissive nucleotides in toto in the 
synthetic minimal -19— *+5 junction region core, is accom- 
plished with the following oligonucleotide pair, synthesized 65 
in vitro, and flanked with Apa I and Xho I recognition 
sequences as shown: 



(Nucleotides effecting transversion in nonpermissive 
junction region sites shown in boldface type) The oligo- 
nucleotides above are mixed together in the presence of 10 
mM Mg 2 *, heated to 100° C. for 5 minutes and cooled 
slowly to room temperature. The annealed oligonucleotides 
are ligated at a 25:1 molar ratio of insert to the 
pKSSINBVdlJR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 
the 10,655 bp fragment, and treatment with CIAP. This 
vector is known pKSSINdlJRsjrNP7582. 

Using the transversion change rules shown above, 
changes in each of the 12 remaining nonpermissive sites in 
the junction region core are made with 12 separate oligo- 
nucleotide pairs, flanked with Apa I and Xho I recognition 
sites, as described above. These vectors are known as: 

pKSSINdlJRsjrNP7584 

pKSSINdlJRsjrNP7585 

P KSSINdlJRsjrNP7586 



5,814,482 



65 



P KSSINdlJRsjrNP7587 
pKSSINdlJRsjrNP7588 
pKSSINdlJRsjrNP7593 
pKSSINdlJRsjrNP7594 
pKSSINdlJRsjrNP7595 
pKSSINdlJRsjrNP7596 
pKSSINdlJRsjrNP7597 
pKSSINdlJRsjrNP7599 
pKSSINdlJRsjrNP7601 

In order to test the relative levels of subgenomic mRNA 
synthesis, the lucif erase reporter gene is inserted into the 
modified tandem junction region vectors. This construction 
is accomplished by digesting with Xho I and Sac 1 and 
treating with CLAP the tandemly inserted synthetic junction 
region core vectors and gel purifying the resulting approxi- 
mate 10,200 bp fragment The treated vector fragment is 



10 



15 



66 



should have a lower level of subgenomic MRNA expression, 
relative to the pKSSINBV construct. Therefore, in certain 
embodiments, it may be necessary to increase the level of 
subgenomic mRNA expression observed from the 
pKSSINdlJRsjrc vector. This may be accomplished by 
extension at the 5' and 3' synthetic junction region core 
termini with 11 additional flanking Sindbis nucleotides, 
according to the authentic viral sequence. 

The synthetic oligonucleotide pair shown below is syn- 
thesized in vitro, and contains 46 Sindbis nts, including all 
24 nts (shown in boldface type) of the minimal junction 
region core. The Sindbis nts are flanked with the Apa I and 
Xho I recognition sequences as shown: 

oligonucleotide 1: 



5*-<XK}AAAIAAAGCAITnrnACGG^ 
(SEQ. ID NO. 32) 



then ligated together with the 2854 bp small fragment oligonucleotide 2: 



S'-TCGAGGTACTATGCroACTATTTACKjACX^ 
(SEQ. ID NO. 33) 



resulting from digestion of pKSIB* SIN-luc with Xho I and 
Sac I. These constructions contain the entire Sindbis non- 
structural gene coding region terminating in an inactivated 
junction region at Sindbis nt 7597, the tandemly inserted 
synthetic junction region core (modified or unmodified), the 
firefly hiciferase gene, and 3' viral elements necessary for 
genome replication. The names of these vectors are as 
follows: 



Tandemly Inserted 
Junctioii Region 
Sindbis-lucifeiase vector Modification 



pKSSINdlTRsjrc-luc not modified 

pKSSINdlTRsjrPc-hic permissive changes 

pKSSINdIJRsjrNP7582-hic nonpermissive change 

P KSSINdURsjrNF7584-hic 

p KSSINdlTRsjrNP7585-hic 

pKSSINdrJRsjrNP7586-hic 

pKSSTNdTJRsjrNF7587-hic 

pKSSINdrJRsjrNP7588-hic 

pKSSINdURsjrNP7593-luc 

p KSSINdURsjrNP7594-hic 

pKSSINdIJRsjrNP7595-tuc 

P KSSINdIJRsjrNP7596-hic 

P KSSINdURsjrNP7597-hic 

pKSSTNdDRsjrNP75994uc 

P KSSINdURsjrNF7601-luc 



Assuming that the translation efficiencies are equivalent 
in all of the lucif erase vectors shown immediately above, the 
relative levels of subgenomic synthesis are determined by 
comparing the levels of hiciferase production at 16 hours 
post-transfection of BHK-21 cells. The relative levels of 
subgenomic transcription are determined by comparing 
hiciferase production by the vectors pKSSINBV-hic and 
pKSSINdlJRsjrc-hic with all of the modified junction 
region luciferase vectors shown above. 

\fectors containing the tandemly inserted synthetic junc- 
tion region core (pKSSINdlJRsjrc, and derivatives thereof) 



The oligonucleotides above are mixed together in the pres- 
ence of 10 mM Mg, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The annealed oligo- 

35 nucleotides are ligated at a 25:1 molar ratio of insert to the 
pKSSINBVdlJR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 
the 10,655 bp fragment, and treatment with CIAP. This 
vector containing the entire nonstructural protein coding 
region which terminates in an inactivated junction region 
core, attached to an extended synthetic junction region, and 
followed by 3* viral elements required for replication, and 
contained in the pKSU-f plasmid, is known 

45 pKSSINdlJRsexjr. 

In order to test the relative levels of subgenomic mRNA 
synthesis, the luciferase reporter gene is inserted into the 
extended tandem junction region pKSSINdlJRsexjr vector. 
This construction is accomplished by digesting the 

50 pKSSINdlJRsexjr plasmid with Xho I and Sac I, treating 
with CIAP, and gel. purifying the resulting approximate 
10,200 bp fragment. The thus-treated vector fragment is 
ligated together with the 2854 bp small fragment resulting 
from digestion of pKSID' SIN-hic with Xho I and Sac I. This 

55 construction contains the entire Sindbis nonstructural gene 
coding region terminating in an inactivated junction region 
at Sindbis nt 7597, the tandemly inserted extended synthetic 
junction region, the firefly hiciferase gene, and 3* viral 
elements necessary for genome replication. The name of this 
vector is pKSSINdlJRsexjr-luc. 

60 The relative levels of subgenomic transcription are deter- 
mined by comparing luciferase production by the 
pKSSINdlJRsexjr-luc vector with the pKSSINBV-luc and 
pKSSINdlJRsjrc-luc vectors. 

E. CONSTRUCTION OF PLASMID DNA ALPHAVTRUS 
65 EXPRESSION VECTORS 

The SINDBIS basic vector and SINDBIS-hiciferase con- 
structs described in sections A and B of Example 3, above, 
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are inserted into the pVGELVIS vector configurations 

described previously in Example 2 such that expression of ^ 

the heterologous gene from Sindbis vectors occurs after 

direct introduction of the plasm id DNA into cells. As ' 

described in Example 2, the ability to transfect alphavirus- 5 

based vector plasmid DNA directly onto cells resulting in The primers shown above are used in a PCR reaction with 
expression levels of heterologous genes typical of transfec- a three temperature cycling program using a 3 minute 
tion of RNA-based alphavirus vectors, without a primary extension period. The amplification products are purified 
step consisting of in vitro transcription of linearized tem- with GENECLEAN™, digested with Xho I and Xba I, 
plate vector DNA, enhances greatly the utility and efficiency 10 purified again with GENECLEAN™, and the 2,037 bp 
of certain embodiments of the alphavirus-based expression fragment is ligated into the 13,799 bp fragment of 
vector system. FIG. 8 is a schematic representation of one pVGELVIS-SINBV resulting from digestion with Xho I and 
mechanism of expression of heterologous genes from a Xba I, and treatment with CLAP. This construction is known 
plasmid DNA alphavirus expression (ELVIS) vectors. Pri- 15 as pVGELVIS-SINBV-luc (abbreviated as ELVIS-luc). 
mary transcription in the nucleus and transport of the vector The expression of hiciferase in BHK-21 cells transfected 
RNA to the cytoplasm leads to the synthesis of alphavirus with pVGELVIS-SINBV-luc DNA is measured in order to 
nonstructural proteins which catalyze the expansion of het- demonstrate that the Sindbis physical gene transfer vector is 
erologous gene mRNA via an antigenome intermediate functional. Briefly, 5 ug of pVGELVIS-SINBV-luc DNA or 
which in turn serves as the template for production of 20 5 ugof in vitro transcribed RNA from linearized SINBV-luc 
genomic and subgenomic mRNA- The ELVIS vectors may template as described in section B, above, are complexed 
be introduced into the target cells directly by physical means with 10 ul of LIPOFECTAMINE™ or UPOFECTIN™, 
as a DNA molecule, as a complex with various liposome respectively, and transfected into 5x10 s BHK-21 cells con- 
formulations, or as a DNA ligand complex including the tained in 35 mM petri plates. The luciferase activity is 
alphavirus DNA vector molecule, a polycation compound 25 determined from each of three samples at 2, 4, 8, 16, 20, 28, 
such as polylysine, a receptor specific ligand, and, 48, 72, 96, and 120 hrs. post transfection. The results of this 
optionally, a psoralen inactivated virus such as Sendai or study, given in FIG. 9, demonstrate that the maximal level 
Adenovirus. of reporter gene expression from the pVGELVIS-SINBV-luc 

The first step of constructing one representative plasmid ^ vector is similar to that observed in cells transfected with in 

DNA Sindbis expression vector consists of digesting pKSS- vitro transcribed RNA from linearized SINBV-luc template. 

INBV with Sac I, blunting with T4 polymerase, digesting However, the luciferase activity expressed from the 

with Sfi I, isolating the 2,689 bp fragment, and ligating into pVGELVIS-SINBV-hic vector is at maximal levels at later 

the pVGELVIS 10,053 bp vector fragment prepared by time points compared to that observed with the SINBV-luc 

digestion with Xbal, blunting with T4 polymerase, digesting 35 RNA vector, and continues at high levels while the activity 

with Sfi I, treatment with CIAP, and 1% agarose /TBE gel from the RNA vector begins to dim inish 

electrophoresis. This construction is known as pVGELVIS- The following experiment is performed in order to dem- 

SINBV. onstrate the level of enhancement of heterologous gene 

In order to insert the luciferase gene into the pVGELVIS- expression provided by the ELVIS vector system compared 

SINBV vector, the SV40 intron and transcription termina- 40 to the same RNA polymerase II promoter linked directly to 

tion sequences at the 3'-end of luciferase must be removed the luciferase gene reporter. Briefly, the Sindbis NSPs are 

so that when the pre-RNA, transcribed from the plasmid first deleted from the pVGELVIS-SINBV-luc vector in order 

DNA luciferase vector after transfection into cells, is pro- to demonstrate the requirement for the viral enzymatic 

cessed the 3'-end of the reporter gene is not separated from proteins for high levels of reporter gene expression. This is 

the Sindbis vector 3'-end. The Sindbis 5'- and 3 f -ends 45 accomplished by digestion of pVGELVIS-SINBV-luc DNA 

contained within the pVGELVIS-SINBV vector are required with Bsp EI, purification with GENECLEAN, and ligation 

in cis for the autocatalytic replication activity of Ihe vector. under dilute conditions. This construction is deleted of 

The Sindbis vector 3'-end is required for initiation of syn- nonstructural gene sequences between bases 422-7,054 and 

thesis of the antigenomic strand, which is the template for 5Q is analogous to the pVGSP6GENdlBsp construction 

the subgenomic RNA encoding the heterologous or reporter described in Example 3, section C above and shown sche- 

P rotem - matically in FIG. 5. The construction described here is 

The SV40 RNA processing signals positioned at the known as pVGELVTS-SINBVdlBsp-luc (abbreviated as 

3'-end of the luciferase gene are removed from the SIN-BV- dlNSP ELVIS-luc). To link the luciferase gene directly to 

luc construction described in section B above. The modified 55 the MoMuLV LTR, the reporter is first inserted into the 

luciferase fragment is then placed in the pVGELVIS-SINBV pCDNA3 vector (Invitrogen, San Diego, Calif.) between the 

construction described above via unique restriction sites. Bam HI and Hind III sites. The luciferase fragment is 

The alteration of the hiciferase gene is accomplished with derived from pGL2 plasmid exactly as described in Example 

the primer pair shown below: 3 section B, above, and inserted into the 5428xbp fragment 

Forward primer 7328F (SIN nts 7328-7349): 60 of pCDNA3 prepared by digestion with Hind III and Bam 

HI, treatment with CIAP, and purification on a 1% agarose/ 

TBE gel. This construction is known as pCDNA3-hic. The 

s^TGGCGGArccocTGAAAAGG fj 3 reg i on G f the MoMuLV LTR is amplified from the BAG 

(SEQ. ID NO. 10) . ■ . , * t , , . 

' vector using the PCR primers shown below as described in 

55 Example 2. 

Reverse primer LucStop (buffer sequence/Not I, Xba I Forward primer BAGBgl2Fl (buffer seguence/Bgl II rec- 
recognition sequences/pGL-2 nts 1725-1703): ognition sequence/Mo-MLV LTR nts 1-22): 
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S'-TATATAGAICIAArcAAAGAOCOCACXTGTAGG 
(SEQ. ID NO. 15) 



Reverse primer BAGwt441R2 (SIN nts 5-1/Mo-MLV LTR 
nts 441-406): 



5 '-TCAATCCCCG AGTG AGGGGTTGTGGGCTCTTTT^ 
(SEQ. ID NO. 16) 



The amplification products are purified with 
GENECLEAN and the ends are first blunted with T4 DNA 
polymerase, then digested with Bgl II, purified with 
GENECLEAN™ and ligated into the pCDNA3-hic plasmid 
prepared by digestion with Hind III, blunting with the 
Klenow enzyme and 50 uM dNTPs, digestion with Bgl II, 
and purification by 1% agarose/TBE gel electrophoresis. 
This construction is known as LTR-luc. 

The plasmids ELVlS-hic, dlNSP ELVIS-luc, LTR-luc, 
and ELVIS-luc dlpro are each complexed with 10 ul of 
LIPOFECTAMINE™ and transfected into 5x10 s BHK-21 
cells contained in 35 mM petri plates. The luciferase activity 
is determined from each of three samples at 48 hrs. post- 
transfcction. The results of this study, given in FIG. 10, 
demonstrate that the level of heterologous gene expression 
enhancement provided by the ELVIS system, compared to 
the same promoter linked directly to the heterologous gene 
is at least 10-fold. The comparatively low level of luciferase 
expression in cells transfected with the dlNSP ELVIS-luc 
construction demonstrates that the expression enhancement 
is a direct result of functional Sindbis NSPs. The autocata- 
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in FIG. 23 demonstrate clearly that the level of expression 
after transfection and transduction is similar between BHK 
cells co-transfected with RNA or ELVIS vectors. Thus, the 
ELVIS vectors are used not only as plasmid DNA expression 
5 vectors, but additionally expression and helper vector 
ELVIS constructs can be co transfected into cells to generate 
recombinant vector particles. 

F. CONSTRUCTION OF MODIFIED DNA-BASED 
ALPHAVIRUS EXPRESSION VECTORS 

10 The overall efficiency of the ELVIS vector, as determined 
by level of heterologous gene expression, is enhanced by 
several modifications to the pVGELVIS-SINBV-luc vector. 
These modifications include alternate RNA polymerase II 
promoters and transcription termination signals, the addition 

15 of intron sequences and ribozyme processing signals in the 
vector construct, and substitution with a smaller plasmid 
vector backbone. The construction of these modified ELVIS 
vectors is detailed below. 

The modified ELVIS vector is assembled on the plasmid 

20 vector pBGS131 (AXCC # 37443) which is a kanamycin 
resistant analogue of pUC 9 (Spratt et al., Gene 41:337-342, 
1986). Propagation of pBGS 131 is in LB medium with 10 
ug/ml kanamycin. 

^ The transcription termination signals from the SV40 early 
region or Bovine growth hormone are inserted between the 
Sac I and Eco RI sites of pBGS131. The SV40 nts between 
viral nts 2643 to 2563 containing the early region transcrip- 
tion termination sequences are isolated by PCR amplifica- 
tion using the primer pair shown below and the pBR322/ 
SV40 plasmid (AiTCC # 45019) as template. 
Forward primer SSVTT 2643 (buffer sequence/Sac I site/ 
SV40 nts 2643-2613): 



5 '-TATATATG AGCTCTTACAAATAAAGCA ATAGC ATC^ 
(SEQ. ED NO. 35) 



lytic amplification of the reporter gene mRNA as depicted in 
FIG. 8 provides a significant advantage in terms of levels of 
gene expression, compared to primary transcription from 
simple promoter-heterologous gene constructions. Thus, as 
shown schematically in FIG. 8, after transfection of the 
ELVIS vector primary transcription in the nucleus and 
transport of the vector RNA to the cytoplasm leads to the 
synthesis of Sindbis NSPs which catalyze the expansion of 
heterologous gene mRNA via an antigenome intermediate 
which in turn serves as the template for production of 
genomic and subgenomic mRNA. 

An experiment is performed to demonstrate the expres- 
sion and rescue of RNA- and plasmid DNA (ELVTS)-based 
Sindbis expression vectors. For the RNA vectors, 5x10 s 
BHK-21 cells contained in 35 mM petri plates are trans- 
fected with SIN-luc RNA, or co-transfected with SIN-hic 
RNA and SINdlBspEI RNA, complexed with IJPOFEC- 
TIN™. For the ELVIS vectors, 5x1 0 5 BHK-21 cells con- 
tained in 35 mM petri plates are transfected with ELVIS-luc, 
or co-transfected with ELVIS-luc and pVGELVISdlBspEI, 
whose construction is described in Example 7, complexed 
with LIPOFECTAMINE™ . The results of this study, shown 



40 Reverse primer RSVTT2563R (buffer sequence/Eco RI site/ 
SV40 nts 2563-2588): 



5 '-TATATG AATTCXnTTGG ACAAACCACAACTAG AATG 
(SEQ. ID NO. 36) 



The primers shown above are used in a PCR reaction with 
a three temperature cycling program as described throughout 
this example, using a 30 second extension period. The 

50 amplification products are purified with GENECLEAN™, 
digested with Sac I and Eco RI, purified again with 
GENECLEAN™, and the 90 bp fragment is ligated into the 
3,655 bp fragment of pBGS 131 resulting from digestion 
with Sac I and Eco RI, and treatment with CLAP. This 

55 construction is known as pBGS131-3*SV4OTT 

The Bovine growth hormone transcription termination 
sequences are isolated by PCR amplification using the 
primer pair shown below and the pCDNA3 plasmid 
(Invitrogen) as template. 

60 Forward primer BGHTTF (buffer sequence/Sac I site/ 
pCDNA3 nts 1132-1161): 



5 '-TAXATATG AGCTCTAATAAAATC AGG AAA^ 
(SEQ. ID NO. 37) 
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Reverse primer BGHTTR (buffer sequence/Eco RI site/ 
pCDNA3 nts 1180-1154): 



5 -TATATG AATTC ATAG AATG ACACCTACTCAG A<^ 
(SEQ. ID NO. 38) 

The primers shown above are used in a PCR reaction with 
a three temperature cycling program, using a 30 sec. exten- 
sion period. The amplification products are purified with 
GENE CLEAN™, digested with Sac I and Eco RI, purified 
again with GENECLEAN™, and the 58 bp fragment is 
ligated into the 3,655 bp fragment of pBGS131 resulting 
from digestion with Sac I and Eco RI, and treatment with 
CIAP. This construction is known as pBGS131-3'BGHTL 

In additional modifications to the ELVIS vector, the 
transcription termination sequences are fused directly to the 
3'-end Sindbis sequences, resulting in deletion of the poly- 
adenylate tract; or alternatively the antigenomic ribbzyme 
sequence of hepatitis delta virus (HDV) is inserted between 
the 3-polyadenyIate tract of the ELVIS vector and the 
transcription termination signals. 
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are digested with Sad under limiting conditions that linear- 
ize (cut 1 of 2 sites) and are treated with CIAP. These 
constructions are known as pBGS131/HDV/3'SV40TT and 
pBGS131/HDV/3'BGHTT. Insertion of the HDV ribozyme 
in both the correct orientation and in the correct Sac I site is 
determined by sequencing. In addition, longer or shorter 
HDV ribozyme sequences, or any other catalytic ribozyme 
sequence, may be readily substituted given the disclosure 
provided herein. 

In the second vector 3'-end configuration, the SV40 or 
BGH transcription termination signals are fused directly to 
the 3'-end of the ELVIS vector corresponding to Sindbis nt 
11,700 and the poly adenylate tract is deleted. This construc- 
tion is accomplished according to the steps outlined above in 
Example 3, sections A and B for the assembly of the 
pKSSINBV and pKSSINBV-fuc vectors. However, in this 
application the vector 3'-end primer does not contain a 25 
polyadenylate tract. The 3'-end of the vector is synthesized 
with the primer pair shown below: 
Forward Primer: SIN11664F: (buffer sequence/Not I site/ 
SIN nts 11664-11698): 



5* TATAlTXXKXXXKmTCnTTAT^^ 
(SEQ. ID NO. 42) 



The HDV ribozyme-containing construct is generated 
with PCR techniques and overlapping oligonucleotide prim- 
ers which contain the minimal 84 nucleotide antigenomic 30 
ribozyme sequence (Perotta and Been, Nature 350:434-6, 
1991). In addition to the HDV sequence, the primers contain 
flanking Sac I recognition sites for insertion at the 3* end of 
the ELVIS vector. Hie HDV ribozyme sequence is generated 35 
with the three overlapping primers shown below. 

Forward primer SHDV1F (Buffer sequence/Sac I site/HDV 
RBZ seq.): 



Reverse Primer: SSIN11700R (buffer sequence/Sac I site/ 
SIN nts 11700-11655: 



5 - IATATG AGCIXXi AAAlT3TIAAAAACAAAAaTITCTTG 
(SEQ. ID NO. 43) 



The primers shown above are used in a PCR reaction with 
a three temperature cycling program as described throughout 
this example, using a 30 sec. extension period. Assembly of 
the pKSSINBV and pKSSINBV-luc vectors is precisely as 



S'-TATATGAGCTCGGGTCCKX^^^ 
(SEQ. ID NO. 39) 



Nested primer HDV17-68: 



5 '-TCCACCTCCTCGCGGTCCXjACXTrc 
(SEQ. ID NO. 40) 



Reverse primer SHDV84R (Buffer sequence/Sac I site/HDV shown in Example 3, sections A and B. These constructions 
RBZ seq.): are known as pKSSINBVdlA and pKSSINBVdlA-luc. 



5 '-TATATAGAGCTCCTCCCTTAGOCATCCGAGTC 
(SEQ. ID NO. 41) 



60 

The primers shown above are used in a PCR reaction with The ELVIS expression vectors are assembled further onto 

a three temperature cycling program as described throughout the various 3' end processing plasmid constructions 

this example, using a 30 sec. extension period. The ampli- described above. The Sindbis vectors containing a polyade- 

fication products are purified with GENECLEAN™ , nylate tract are combined with the plasmid constructions 

digested with Sac I, purified again with GENECLEAN™, 65 containing the HDV ribozyme sequence and the SV40 or 

and the 94 bp fragment subsequently is ligated into plasmid BGH transcription termination signals. This construction 

vectors pBGS131-3 , SV40TT or pBGS131-3'BGHTT that corresponds to the insertion of pKSSINBV and pKSSINBV- 
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luc vector sequences into the pBGS131/HDV/3'SV4OTT 

and pBGS131/HDV/3'BGHTT plasmids. Alternatively, the 

Sindbis vectors terminating precisely at the viral 3' end ^^A^i^AAAGAOOCX^ccroTAOO 
corresponding to viral nt 11,700 are linked directly to the 



SV40 or BGH transcription termination ^ak Tte con- ReveRe ^ BAGwt441R2 (S1N nts 5-I/M0-MLV LTR 

strucnon corresponds to the insertion of pKSSINBVdl A and nts 441^)6)- 
pKSSINBVdlA-hic vector sequences into the pBGS131/ 

HDV/3'SV40rTT and pBGS131/HDV/3'BGHTT plasmids. _ 

The Sindbis vectors pKSSINBV and pKSSINBV-luc are 10 ^j^^ 
digested with Sac I and Bgl II, and the 5,522 bp 



(pKSSINBV) or 8211 bp (pKSSINBV-hic) fragments are 

purified by 1% agarose/TBE gel electrophoresis and inserted P nmers shown are used in a PGR reaction with 

into the linearized pBGS131/HDV/3'SV40TT and » taa ^ m Cydu* Program using a 30 second 

^^c^^r^^^^?*!!^ Pk™"* 5 P re pared by digestion 15 6 ^^^^^ M9M ^^ pg ^ 

with Sac I and Bgl II and treatment with OAR These PC R reaction is accomplished in a reaction containing the 

constructions are known as: pVGSP6GENrep clone and the following primer pair: 

pBGS131/dlproSINBV-hic/HDV/3 , SV40TT Forward primer (Mo-MLV LTR nts 421^41/SIN nts 

pBGS131/dlproSINBV-hic/HDV/3'BGHTr 1-16): 

pBGS131/dlproSINBV/HDV/3*SV40TT 20 



pBGSBl/dlproSI^V/HDV^™ s^caaccc^ 
Using the same strategy described above, the Sindbis ( SE q ^ NO ^ 

vectors pKSSINBVdlA and pKSSINBVdlA-luc are ■ ■ 

digested with Sac I and Bgl II, and the 5,497 bp 9 c „ , 0 _ r --,«v 

(pKSSINBVdlA) or 8186 bp frKSSINBVdlA-luc) frag- RcWtSC pnmer: (SIN *** 3182 - 3160 ) : 
merits are purified by 1% agarose/TBE gel electrophoresis 



and inserted into the linearized pBGS131/3'SV40TT and S-ctggcaaccggtaagtacgatac 

pBGS 131/3'BGHTT plasmids prepared by digestion with (SEQ. id NO. 18) 

Sac I and Bgl II and treatment with CLAP. These construe- 30 

uons are known as: The primers shown above are used in a PCR reaction with 

pBGS131/dlproSINBV-hic/3 t SV40rrT a three temperature cycling program using a 3 minute 

pBGS131/dlproSINBV-hic/3 f BGHTr extension period. 

pBGS131/dlproSINBV/3'SV40TT The 457 bp and 3202 bp products from the primary PCR 

pBGS131/dlproSINBV/3'BGHTT 35 reactions are purified with GENECLEAN™, and used 

The addition of an RNA polymerase II promoter and together in a PCR reaction with the following primer pain 

Sindbis nucleotides 1-2289 is the last step required to Forward primer. BAGBgl2Fl (buffer sequence/Bgl II rec- 

complete the construction of the modified ELVIS expression ognition sequence/Mo-MLV LTR nts 1-22): 
vectors of the eight constructions shown below: 

P BGS131/dl P roSINBV-h lC mDV^'SV40TT 40 s'/l^ixixgatctaatgaaagaccgc^ 

P BGS131/dlproSINBV-hic/HDV/3'BGHTr (seq. id no. 15) 
pBGS131/dlproSINBV/HDV/3 , SV40TT 



P BGS131/dlproSINBV/HDV/3'BGHTT u«»^ ™ m _. /crw «* e oonn-rvwA 
pBGS131/dlprc5IOTV-h 1 ^V40IT 45 RCVCTS * ^ 23(X ^ 2278 ) : 
pBGS131/dlproSINBV-hic/3 r BGHTr 



pBGS131/dlproSINBV/3*SV40TT 5'-ggtaacaagatcitxjTGCCGTG 

pBGS131/dlproSINBV/3'BGHTT (SEQ. id no. 19) 

These eight constructions contain a unique Bgl II restric- 
tion site, corresponding to Sindbis nt 2289. The RNA so The primers shown above are used in a PCR reaction with 
polymerase II promoter and Sindbis nucleotides 1-2289 are a three temperature cycling program using a 3 minute 
inserted into these constructions by the overlapping PCR extension period. The 25 3'-terminal bases of the first 
technique described for the pVGELVIS construction in primary PCR amplicon product overlap with the 25 
Example 2. In order to insert the RNA polymerase II 5 -terminal bases of the second primary PCR amplicon 
promoter and the 2289 Sindbis nts, the eight constructions 55 product; the resultant 2,752 bp overlapping secondary PCR 
shown above are digested with Bgl Band treated withCIAR amplicon product is purified by 1% agarose/TBE 

The U3 region of the long terminal repeat (LTR) from electrophoresis, digested with Bgl II, and the 2,734 bp 

Moloney murine leukemia virus (Mo-MLV) is positioned at product is ligated into the eight ELVIS constructions 

the 5* viral end such that the first transcribed nucleotide is a described above. These constructions are named as shown 

60 below* 

single G residue, which is capped in vivo, followed by the M TT nrjT viq i /n/c 

Sindbis 5' end. Amplification of the Mo-MLV LTR in the w t ^7^c i 

c * * o™> ». ■ • . * MpLTRELVIS-luc/D/B 

nrst primary PCR reaction is accomplished in a reaction MoLTRELVIS/D/S 

containing the BAG vector (Price et al., PNAS 84:156-160, MpLTRELVIS/D/B 

1987) and the following primer pair: 65 M pLTRELVIS-luc/S 

Forward primer: BAGBgl2Fl (buffer sequence/Bgl II rec- MpLTRELVIS-luc/B 

ognition sequence/Mo-MLV LTR nts 1-22): MpLTRELVIS/S 
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MpLTRELVIS/B and ligated into the four ELVIS constructions described 

Using the same overlapping PCR approach, the CMV above. These constructions are named as shown below: 
promoter is positioned at the 5* viral end such that transcrip- MoCMVELVIS-luc/D/S 
tion initiation results in the addition of a single non-viral \m r\A\mi \/ic i /nm 
nucleotide at the Sindbis 5' end. Amplification of the CMV 5 ^ P ™J^^e/n/c 
promoter in the first primary PCR reaction is accomplished MpCMVELVIS/D/S 
in a reaction containing the pCDNA3 piasmid and the MpCMVELVIS/D/B 
following primer pain MpCMVELVIS-luc/S 
Forward primer pCBgI233F (buffer sequence/Bgl II recog- MpCMVELVIS-luc/B 
nition sequence/CMV promoter nts 1-22): 1Q MpCMVELVIS/S 

MpCMVELVIS/B 

Using the same overlapping PCR approach, the SV40 

(SEQ. id no. 44) ear v "^S 100 promoter is positioned at the 5 viral end such 

that the major cap site of transcription initiation results in the 
D cM^n/iuoD /-cikt * o 1 * 15 addition of a single non-viral nucleotide at the Sindbis 5* 

U^IQ^ SNCMV1142R (SIN DtS Z-VCW P ro nts end. Amplification of the SV40 promoter in the first primary 
'* PCR reaction is accomplished in a reaction containing the 

pBR322/SV40 piasmid (AXCC # 45019) and the following 

5'<xxnx^ATAOGGTTCACiAAACGAGCT primer pair 

(SEQ. id NO. 45) 20 Forward primer B2SVpr250F (buffer sequence/Bgl U rec- 

ognition sequence/SV40 nts 250-231): 

The primers shown above are used in a PCR reaction with 

a three temperature cycling program using a 1 minute 

extension period 5 '-taiatatagatctggtgtggaaagtcxxxiaggc 

^ * 25 (SEQ. ID NO. 47) 



Amplification of the Sindbis 5' end in the second primary 
PCR reaction is accomplished in a reaction containing the 

pVGSP6GENrep clone and the following primer pair: Reverse primer: SINSV5235R (SIN nts 13-1/SV40 nts 

Forward primer: CMVSIN1F (CMV pro nts 1124-1142/SIN 5235-10)- 
nts 1-20): 



30 



5'-CTAOG<XXjTCAATGCOGAGGCGGCOXXK30C 



5 '-GCKXjTTTAGTG AACCGTATTG ACXKXXjTAGTACACAC (SEQ. ID NO. 48) 
(SEQ. ID NO. 46) 



n /cm * -»^£rtv 35 The pnmers shown above are used m a PCR reaction with 

Reverse primer: (SIN nts 3182-3160): . „ . . ,. , 

* v ' a three temperature cycling program using a 30 second 

extension period. 

5 , <jrcGCAACCGGTAAGTACGATAC Amplification of the Sindbis 5* end in the second primary 

(SEQ. ID NO. 18) PCR reaction is accomplished in a reaction containing the 

40 pVGSP6GENrep clone and the following primer pair: 

The primers shown above are used in a PCR reaction with Forward primer: SVSIN1F (SV40 nts 3-5235/SIN nts 

a three temperature cycling program using a 3 minute 1-25): 

extension period. 

The 600 bp and 3200 bp products from the primary PCR 

reactions are purified with GENECLEAN™ and used 45 5«-OGCOC^^ 
together in a PCR reaction with the following primer pair " 
Forward primer pCBg!233F (buffer sequence/Bgl II recog- 
nition sequence/CMV promoter nts 1-22): Reverse primer: (SIN nts 3182-3160): 



50 

S'-TATATATAGATCTTTGACAITGATTATTCACrAG 5 , -CTGGCAAOCX3GTAAGTACGADAC 
(SEQ. ID NO. 44) (SEQ. ID NO. 18) 



Reverse primer: (SIN nts 2300-2278): 



5'<}GTAACAAGATCrcGTGCCGTG 
(SEQ. ID NO. 19) 



The primers shown above are used in a PCR reaction with 
a three temperature cycling program using a 3 minute 
extension period. 

The 26 3* terminal bases of the first primary PCR ampli- 
con product overlaps with the 26 5' terminal bases of the 
second primary PCR amplicon product; the resultant 2,875 
bp overlapping secondary PCR amplicon product is purified 
by 1% agarose/TBE electrophoresis, digested with Bgl II, 



The primers shown above are used in a PCR reaction with 
a three temperature cycling program using a 3 minute 
extension period. 

The 280 bp and 3,194 bp products from the primary PCR 
reactions are purified with GENECLEAN™, and used 
together in a PCR reaction with the following primer pair 
Forward primer B2SVpr250F (buffer sequence/Bgl II rec- 
ognition sequence/SV40 nts 250-231): 



5 '-TATATATAG ATCTGGTGTXKj AAAGTCtXXIAGGC 
(SEQ. ID NO. 47) 
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Reverse primer: (SIN ots 2300-2278): The primers shown above are used in a PGR reaction with 

a three temperature cycling program using a 30 second 

5 -GcrAACAAGAraxxmxxxmi eXt ^oKn^^JL e ^^on products are purified 

(seq. id no. 19) with GENECLEAN™ , digested with Xho I, re-purified with 

■ 5 GENECLEAN™ and inserted into Xho I linearized (by 

limited digest) and CIAP treated complete modified ELVIS 

The primers shown above are used in a PCR reaction with vectors described above. Insertion of the SV40 small t 

a three temperature cycling program using a 3 minute antigen intron in the correct orientation in the ELVIS vector 

extension period. is determined by sequencing. 

Hie 25 y terminal bases of the first primary PCR ampli- 10 For insertion into the Not I site of the ELVIS vectors, 

con product overlaps with the 25 5' terminal bases of the amplification of the SV40 small t antigen intron sequences 

second primary PCR amplicon product; the resultant 2,543 is accomplished in a reaction containing the pBR322/SV40 

bp overlapping secondary PCR amplicon product is purified plasmid and the following primer pair: 

by 1% agarose/TBE electrophoresis, digested with Bgl II, <r r . wr^pn,,^ „ ^ 

and ligated into the four ^VIS^nsLctions described 15 Forward Pnmer: NSVSD4647F (buffer sequence/Not I rec- 

above. TTiese constructions are named as shown below: °g mtlon sequence/SV40 nts 4647-^675): 

MpSV40ELVIS-luc/D/S 

MpSV40ELVIS-luc/D/B y-TArArATOCGGCOGCAAGCTCTAAG 
MpSV40ELVIS/D/S 20 (SEQ.tDNO.52) 

MpSV40ELVlS/D/B 

MpSV^EL^S-Iuc^ Reverse primer: XSVSA4562R (buffer sequence/Not I rec- 

MpSV40ELVIS/S ognition sequence/SV40 nts 4562-4537): 

MpSV40ELVIS/B 25 

The luciferase expression levels, after transfection of y-TATAixrccGGCX^^ 

BHK-21 cells, are determined with each of the reporter gene (SEQ. id no. 53) 

containing complete modified ELVIS constructions detailed 

above, in order to determine the optimal desired configura- 
tion. The heterologous gene is inserted into the multiple 30 The primers shown above are used in a PCR reaction with 
cloning site of the ELVIS vector, as described for the a three temperature cycling program using a 30 second 
insertion of the luciferase gene in Example 3, section B. extension period. The amplification products are purified 

In order to increase the efficiency of the ELVIS system, in with GENECLEAN™, digested with Not I, re-purified with 

terms of functional vector RNA transported to the cytoplasm GENECLEAN™ and inserted into Not I linearized and 

per nuclear DNA template, the SV40 small t antigen intron 35 CIAP treated complete modified ELVIS vectors described 

can be inserted into the ELVIS expression vectors. Insertion above. Insertion of the SV40 small t antigen intron in the 

of the SV40 small t antigen intron sequences into the Xho I correct orientation in the ELVIS vector is determined by 

site immediately downstream of the 5' Sindbis sequences is sequencing. Alternatively, the SV40 small t antigen may be 

accomplished by limited digestion (cut 1 of 2 sites); or, inserted at other sites within the ELVIS vector, which do not 

alternatively at the unique Not I site immediately upstream 40 impair function of the vector, using the disclosure provided 

of the 3' Sindbis sequences. herein. 

For insertion into the Xho I site of the ELVIS vectors, The luciferase expression levels, after transfection of 

amplification of the SV40 small t antigen intron sequences BHK-21 cells with the SV40 small t antigen intron contain- 

is accomplished in a reaction containing the pBR322/SV40 ing ELVIS vectors, are assayed in order to determine the 

plasmid (ATCC # 45019) and the following primer pain 45 optimal desired configuration. The heterologous gene is 

Forward primer XSVSD4647F (buffer sequence/Xbo I rec- inserted into the multiple cloning site of the ELVIS vector, 

ognition sequence/SV40 nts 4647-4675): as described for the insertion of the luciferase gene in 

Example 3, section B. 

xATATATr-n-r ap a AfWTYTA AfiTTA a at* at a a a attta^y^ A ^ k&r sequence is inserted into the pKSSINB V and into 

(seq. ID no. 50) me pvGELVlS-SINBV constructs to facilitate the insertion 

, of heterologous sequences. Hie linker is constructed using 

two complementary 35nt oligonucleotides that form a 

Reverse primer: XSVSA4562R (buffer sequence/Xho I rec- duplex with Xho I and Xba I compatible sticky ends when 

ognition sequence/SV40 nts 4562-4537): hybridized. 



STNBVUnkF: 5 TCG AGCAOGTGGOGCGCCTO ATCACGCGTAGGCCT (SEQ. ID NO. 54) 
SINBVLinkR: 5 'CTAG AGGCOACGCGTC ATCAGGCXKXXX! ACGTGC (SEQ. ID NO. 55) 

60 



The oligonucleotides are phosphorylated with T4 polynucle- 

otide kinase, heated to 90° C, and slow cooled to allow 

5 -tatatatctcgag^ hybridization to occur The hybrid is then ligated to the 10.6 

kb fragment of pKSSINBV-Luc obtained after digestion 
(seq. id no. 51) 65 ^ xj^j and xbal, followed by treatment with alkaline 

phosphatase and agarose gel purification. The resulting 

construct contains Xho I, Pml I, Asc I, Bel I, Mhi I, Stu I, 
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Xba I, and Not I as unique sites between the Sindbis junction days post i.m. inoculation with ELVIS-luc plasmid. In other 

region and the Sindbis 3' end. This construct is known as experiments, C3H/HeN mice were injected i.m. with ELVIS 

pKSSINB V-Linker. vectors expressing either the hepatitis B virus core (HBV- 

This linker also is cloned into the pVGELVIS-SINB V core) or hepatitis B virus e (HB V-e) proteins. Using EUSA 

constructs. The linker is inserted by digestion of 5 detection systems, both HBV-core- and HBV-e-specific IgG 

pVGELVlS-SINBV-luc with Sfi I and Not I. The 10.1 kb antibodies were detected in serum samples collected from 

fragment is agarose gel purified, and this fragment was the mice 10 days following the second injection with the 

ligated to the gel purified 2.6 kb fragment from a Sfi I/Not vectors. These experiments demonstrate that Sindbis- 

I digest of pKSSINB V-Iinker. The resulting construct con- derived DNA vectors are able to express foreign genes in 

tains Xho I, Pml I, Asc I, Mlu I, and Not I as unique sites 10 vivo, in rat and mouse muscle. 

between the Sindbis junction region and the Sindbis 3* end. H. ADAPTATION OF ALPHAVIRUS EXPRESSION VEC- 

This construct is known as pVGELVIS-SINBV-Linker. TORS 

Additional experiments are performed to compare the The following description details how to identify alphavi- 

relative expression activities of Sindbis RNA and DNA ral vectors according to the invention adapted to grow in 

reporter vectors in transfected BHK cells (FIG. 22). is cells of a particular eukaryotic species. Specifically, adap- 

Luciferase expression is approximately 30-fold higher in tation of Sindbis virus variants adapted to grow in human 

cells transfected with in vitro transcribed SIN-luc RNA, cells is disclosed. As those in the art will appreciate, the 

compared to the level in cells transfected with ELVIS-luc following procedure can be employed to adapt other 

plasmid DNA (FIG. 22A). The data also demonstrate that alphaviral vectors to particular eukaryotic species, 

direct linkage between the Sindbis virus 3 f -end and two 20 To adapt Sindbis viral vectors derived from BHK-21 cells 

different transcription tennination/polyadenylation signals, to human cells, Sindbis viral vectors produced in accordance 

resulting in deletion of the synthetic A^ tract, decreased the with this invention are propagated by serial passage in 

activity of the DNA vector by more than three orders of HT1080 (ATCC acc. no. CCL 121) and DM150 (a human 

magnitude (FIG. 22A). However, measure able expression of cell line established from a primary melanoma tumor) cell 

luciferase is detected, suggesting that these 3* end modified 25 lines in order to select variants which are able to establish 

Sindbis DNA vectors do function in transfected cells at some high titer productive infections in human cells. Isolation of 

low leveL Additionally, the insertion of a HDV ribozyme Sindbis variants adapted to human cells is accomplished by 

processing sequence, downstream of the A^ tract, increases the following method: I IT1080 and DM150 cells propagated 

activity of the DNA vector 3-4 fold over the ELVIS-luc in DMEM with 10% fetal calf serum (FCS) are infected at 

vector or an analogous construct with the HDV ribozyme 30 a multiplicity of infection of 5 with the virus contained in a 

inserted in a reverse orientation (FIG. 22B). small volume to facilitate infection. At one hour post 

Based on the decreased expression levels observed when infection, the inoculum is removed, the monolayer washed 

the synthetic A^ tract is deleted, additional constructs several times with DMEM, and the media replenished. The 

related to MpELVIS/S and MpELVIS/B are then made viral supernatant is harvested at 7 hours post infection, 

exactly as outlined in the above example utilizing the 35 clarified by centrifugation, and divided into three aliquots. 

Sindbis sequences from the pKSSINBV and pKSSINB V-hic Two aliquots are frozen and the other aliquot is split and 

vectors to include the A^ tract. These constructions are used to infect fresh HT1080 and DM150 monolayers. This 

named as shown below: process is repeated at least 10 times or as sufficient to 

MpLTRELVIS-luc/A/S generate variants which replicate efficiently in human cells. 

Mp LTRELVIS-luc/A/B 40 After each serial passage, plaque assays are performed in 

MpLTRELVIS/A/S BHK cells or the homologous cell line in which the vims 

MpLTRELVIS/A/B was propagated to determine an increase in virus titer in 

MpCMVELVIS-luc/A/S human cell lines. Sindbis variants adapted to human cells 

MpCMVELVIS-luc/A/B which contain the highest level of virus produced during 

MpCMVELVIS/A/S 45 serial HT1080 or DM150 cell line passage are then isolated 

MpCMVELVIS/A/B from supernatants by three rounds of plaque purification. 

MpSV40ELVIS-luc/A/S The phenotype of the plaque purified human variant is 

MpSV40ELVTS-luc/A/B verified by determining its growth properties in human cell 

MpSV40ELVIS/A/S lines. 

MpSV40ELVTS/A/B 50 In an alternative approach, variants which are able to 
G. REPORTER GENE EXPRESSION IN RODENTS establish high titer productive infections in human cells are 
INOCULATED INTRAMUSCULARLY WITH ELVIS isolated by plaque morphology. Human cell lines, for 
VECTORS example HT1080 and DM150, are infected at low multi- 
Using techniques described above, the lacZ gene encod- plicity of infection with Sindbis virus grown in BHK-21 
ing the p-galactosidase reporter protein was cut from the 55 cells and overlaid with agar. At 24-30 hours post infection, 
plasmid pSV-p-galactosidase (PROMEGACORP, Madison, large plaques, indicative of variants able to propagate effi- 
Wis.) and substituted into the ELVIS-luc plasmid DNA ciently in human cells, are picked. The variants are then 
vector in place of luciferase. To examine in vivo gene purified by two additional serial rounds of plaque purifica- 
expression from ELVIS vectors, Balb/c mice and rats are tion. The phenotype of candidate Sindbis variants can then 
injected intramuscularly (i.m.) with ELVIS-p-gal or ELVIS- 60 be determined by comparing growth properties on human 
luc plasmid DNA vectors. FIG. 24 demonstrates the in vivo and BHK-21 cells with BHK-21 cell-propagated Sindbis 
expression of ^-galactocidase in muscle tissue taken from a virus. 

rat and stained with X-gal at three days post i.m. injection. Another similar approach enables the production of Sind- 

Mice injected with ELVIS-p-gal also demonstrate positively bis variants which establish high titer persistent, i.e., 

staining blue muscle fibers. Luciferase expression levels 65 noncytotoxic, infection of human cells . Specifically, human 

from muscle which were between 75- and 300-fold higher cells are infected with a Sindbis virus preparation containing 

than control levels were detected in 3/4 Balb/c mice at two a high percentage of defective interfering (DI) particles 
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isolated by undiluted serial passage in HT1080 or DM150 
cells. Cells which survive infection with this Dl contami- 
nated Sindbis stock are allowed to proliferate. Virus is 
isolated from the supernatant and purified by multiple 
rounds of plaque purification in BHK-21 or human cells. 
The desired phenotype of the Sindbis variant is verified by 
determining its ability to establish persistent noncytotoxic 
persistent infection in human cell lines. 

Following identification of one or more Sindbis variants 
having the desired phenotype, purified viral RNA from the 
Sindbis variant is cloned and characterized in order to 
identify the nonstructural and structural genes and noncod- 
ing region changes which contribute to the observed phe- 
notype. Sindbis variant genomic cDNA cloning is accom- 
plished by RT-PCR, as detailed in Example 1 and the 
phenotype of the molecularly cloned virus strains is verified. 

Viral genetic determinants can be mapped by identifying 
at what level Sindbis infection of human cells is inhibited, 
i.e., at the stage of adsorption, entry, replication, or assem- 
bly. The 5'-end, junction region, and nonstructural and 
noncoding region genetic determinants responsible for 
human variant phenotypes can be mapped by exchanging 
defined regions from pKSSINBV-luc, supra, with corre- 
sponding regions from the variant cDNA to produce various 
"test" SIN-luc vectors. After packaging by co-transfection, 
the level of luciferase expression in DM150, HT1080, and 
BHK cells infected with either pKSSINBV-luc or the "test" 
SIN-luc vector is compared. Exchanging defined regions 
between vectors may be accomplished by exploiting con- 
venient restriction endonuclease recognition sites, for 
example (Viagene SIN-BV numbering): Afl II (4573), Age I 
(3172, 6922), Avr D (4281), Bgl II (2289), BpullQ2I (5602, 
6266), BsaBI (2479) BstBI (4706, 6450), Eco47III (1407), 
Hpa I (6920), Mun I (42, 2785), Nru I (2324), Nsi I (2006, 
6462), PflMI (4374), Sfi I (5122), and Xhol (7645). Precise 
nucleotide identification of genetic determinants resulting in 
the human variant phenotype can be accomplished by 
sequencing. 

The 3* -end nonstructural and coding region genetic deter- 
minants responsible for the variant phenotype may be 
mapped by exchanging defined regions with the dl-BspEI 
cotransfection packaging vector. After packaging by 
co-transfection, the level of luciferase expression in DM150, 
HT1080, and BHK cells infected with pKSSINBV-hic pack- 
aged with the dl-BspEI cotransfection packaging vector or 
with the "test" dl-BspEI cotransfection packaging vector is 
compared. Exchanging defined regions between vectors may 
be accomplished by exploiting convenient restriction endo- 
nuclease recognition sites, for example (Viagene genomic 
Sindbis numbering): Aatll (8000), All E (7969, 8836), Aval 
(9414), Bell (9356), Bpull02I (8911), BsiWI (10379), Bsp- 
MI1 (7054), Bsu36I (8892), EcoNI (10048, 10923), EcoRI 
(9077), KasI (10036, 11308), Nrul (8329), PflMI (9554), 
Pmll (8070), Sail (9589, 11085), Smal (9416), SpU(10379), 
StuI (8572), and (9414). Precise nucleotide identification of 
genetic determinants resulting in the human variant pheno- 
type can be accomplished by sequencing. 
I. RECOMBINANT PROTEIN EXPRESSION 

The eukaryotic layered vector initiation systems of the 
invention can be used to direct the expression of one or more 
recombinant proteins in transformed or transfected eukary- 
otic host cells. A representative example of a recombinant 
protein which may be expressed using a eukaryotic layered 
vector initiation system is insulin. 

The gene encoding human insulin was identified in 1980 
by Bell, et al. [Nature, vol. 284, pp. 26-32]. The entire 
coding region for human preproinsulin (hppi) can be cloned 
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from a variety of sources, e.g., a human pancreatic cDNA 
library [Clontech, Palo Alto, Calif., catalog no. HL1163a] 
using standard PCR techniques. Primers for amplifying the 
coding region flank the 5' and 3* ends of the gene. The 5' 

5 primer includes an Xhol site and the 3' primer includes a 
Not! recognition sequence. After PCR amplification, the 
reaction products are purified using GENECLEAN™, fol- 
lowed by Xhol and NotI digestion. The DNA is then gel 
purified and ligated into XhoI/NotI cleaved, CIAP-treated 

10 pVGELVIS-SINBV, infra, to make pELVS-hppi. 

Alternatively, the hppi amplicon is inserted into Xho I/Not 
I cleaved, CIAP-treated SIN-BV, infra, to make pSIN-BV- 
hppl. RNA from Sac I-linearized pSIN-BV-hppI plasmid is 
synthesized in vitro as described in Example 3. Production 

15 of SIN-BV-hppI recombinant vector particles is accom- 
plished by transfection of LIPOFECTlN™-complex SIN- 
BV-hppI RNA into the Sindbis vector packaging cell lines as 
described in Example 7. Generation of vector particles 
having expression vectors derived from Sindbis variants 

20 which establish high titer persistent noncytotoxic infection 
of human cells is accomplished by the same procedure. 

pELVS-hppi is then introduced (e.g., by electroporation or 
by complexing with lipofectamine) into a suitable eukary- 
otic host cell, preferably an undifferentiated cell, for 

25 instance, F9 cells, infra. The transformed cells are then 
grown in the presence of G418 under suitable nutrient 
conditions (i.e., an appropriate medium, such as DMEM, 
including any required supplements, at 37° C). The cells can 
be grown in a variety of formats, including in roller bottles, 

30 cell hotels, and biore actors. Recombinant protein production 
is initiated by adding retinoic acid or another suitable 
inducing agent to the medium. At 12 to 48 hours post-vector 
induction, the optimal level of insulin is expressed into the 
medium and is recovered according to techniques known in 

35 the art. The insulin is recovered from the cell supernatants up 
to 18 hrs from the time in which the vector establishes a 
cytotoxic infection. Recovery of insulin from cells infected 
with expression vectors derived from Sindbis human cell 
variants may be harvested over a period extending to 3—5 

40 days post induction. Insulin so produced is recovered 
according to techniques known in the art. The isolated 
recombinant protein may then be formulated in any of a 
number of pharmaceutical compositions suitable for human 
administration. 

45 J. LYOPHUJZED EUKARYOTIC LAYERED VECTOR 
INITIATION SYSTEM VACCINES 

One aspect of the invention concerns the use of eukaryotic 
layered vector initiation systems according to the invention 
as vaccines to immunize a human patient's or non-human 

50 animal's immune system against a particular disease. Such 
vaccines can be employed either prophylactically or thera- 
peutically to prevent or treat disease. Diseases which may be 
treated with such vaccines include those caused by various 
pathogenic agents, such as procaryotic or eukaryotic micro- 

55 organisms or viruses, or cancer. 

For example, each of the vector constructs described 
herein and containing the heterologous sequence of a suit- 
able antigen is readily lyophilized for long term stability. 
Upon re-hydration in an appropriate diluent, administration 

60 is performed and subsequent expression occurs. Additional 
alphavirus vector constructs not disclosed in the present 
invention, including those described in the literature (see 
Hahn et al., Proc Natl Acad Sci USA 89: 2679-2683, 1992) 
are readily convertible to a eukaryotic layered vector initia- 

65 tion system format by those skilled in the art and using the 
knowledge provided herein. Conversion of transient 
alphavirus vector systems to the format of a eukaryotic 
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layered vector initiation system thus modify the duration of globulin may be added to the complex to facilitate binding 

heterologous sequence expression to that of a more perma- of the cell complex to the cell surface, an eodosomal 

nent and stable expression system. Advantages of this per- disruption component (e.g., a viral protein, a fusogenic 

manent and stable system include longer term expression, peptide such as the n-terminus of the influenza virus hema- 

allowing greater prophylactic and therapeutic effects in both 5 glutinin or an inactivated vims) is added to facilitate the 

medical and veterinary applications. release of DNA from the endosome, or a nuclear protein (or 

K. EUKARYOTIC LAYERED VECTOR INITIATION a peptide containing a nuclear localization signal) is added 

SYSTEMS FOR PLANT APPLICATIONS to facilitate the transport of the DNA into the nucleus. In a 

Given the disclosures provided herein, the adaptation of further preferred embodiment, the composition comprising 

eukaryotic vector initiation system technologies to plant 10 the complex includes inactivated adenovirus particles 

application is readily performed by those skilled in the art. (Curiel, D. T, et al., PNAS 88: 8850-8854, 1991; Cristiano, 

For illustration purposes, any of several positive-stranded R. J., PNAS 90: 2122-2126 1993; Cbtten, M, et al., PNAS 

plant viruses (for example, potato virus X (PVX, Huisman 89: 6094-6098 1992; Lozier, J. N., et al., Human Gene 

et al., J. Gen, Virol 69:1789-1798, 1988), tobacco mosaic Therapy 5: 313-322, 1994; Curiel, D. T, et ^ Human Gene 

virus (TMV, Goelet et aL, Proa Natl, Acad. ScL USA 15 Therapy 3: 147-154, 1992; Plank, C. et al., Bioconjugate 

79:5818-5822, 1982), and tobacco etch virus (TEV, Allison Chem. 3: 53^-539, 1992; Wagner, E. et al., PNAS 88: 

et al., Virology 154:9-20, 1986), see also, specifications) 4255-4259, 1991). The assorted components comprising the 

may be converted to a cDNA form using PCR and specific multi-layer complex may be varied as desired, so that the 

oligonucleotide primers, chosen from published sequences, specificity of the complex for a given tissue, or the gene 

as described in Example 1. After assembly of a full-length 20 expressed from the gene delivery vehicle, may be varied to 

genomic clone linked to a bacteriophage RNA polymerase better suit a particular disease or condition, 

promoter, and determination of infectivity of in vitro syn- As noted above, various methods may be utilized . to 

thesized transcripts, the cDNA is exchanged into a vector administer gene delivery vehicles of the present invention, 

containing an RNA polymerase U promoter and transcrip- including nucleic acids which encode the immunogenic 

tion termination/polyadenylation sequence, as described in 25 portion(s) discussed above, to warm-blooded animals such 

Example 2. For plant applications, such promoter and ter- as humans, direcdy. Suitable methods include, for example, 

minatioo sequences are chosen from the appropriate plant various physical methods such as direct DNA injection 

systems (e.g., CaMV 35S promoter (Guilley et al., Cell (Acsadielal.,Nature 352:815-818, 1991), and microprojec- 

30:763-773, 1982), and nopaline synthase promoter and tile bombardment (Williams et al., PNAS 88:2726-2730, 

transcription termination sequence (Sanders et al., Nucleic 30 1991). 

Acids Res. 15:1543-1558). Vector constructs derived from Within an in vivo context, the gene delivery vehicle can 

these infectious genomic cDNA clones is subsequently be injected into the interstitial space of tissues including 

accomplished using any of the approaches described in the muscle, brain, liver, skin, spleen or blood (see, WO 

present invention (e.g., use of subgenomic promoters, 90/11092). Administration may also be accomplished by 

replacement of structural protein genes, use of IRES 35 intravenous injection or direct catheter infusion into the 

sequences). Specific applications of such plant eukaryotic cavities of the body (see, WO 93/00051), discussed in more 

layered vector initiation systems may include, but are not detail below. 

limited to, the expression of host-derived resistance It is generally preferred that administration of the gene 

sequences, pathogen-derived resistance sequences (e.g., delivery vehicles at multiple sites be via at least two injec- 

prote in-encoding, nonprotein-encoding, and defective inter- 40 tions. In this regard, suitable modes of administration 

fering sequences), and growth promoting sequences, by the include intramuscular, intradermal and subcutaneous 

creation of transgenic plants harboring such systems. injections, with at least one of the injections preferably being 

L. TRANSGENIC ANIMAL APPLICATIONS intramuscular. In particularly preferred embodiments, two or 

In accordance with the non-parenteral administration the more of the injections are intramuscular. However, although 

present invention, the gene delivery vehicles, particularly 45 administration via injections is preferred, it will be evident 

those comprised of unencapsidated nucleic acid, may be that the gene delivery vehicles may be administered through 

complexed with a polycationic molecule to provide multiple topical or separate ocular administrations. Further, 

polycation-assisted non-parenteral administration. Such a a number of additional routes are suitable for use within the 

method of gene delivery facilitates delivery of a gene via present invention when combined with one or more of the 

mediation by a physical particle comprised of multiple 50 routes briefly noted above, including intraperitoneal, 

components that augment the efficiency and specificity of intracranial, oral, rectal, nasal, vaginal and sublingual 

the gene transfer. In particular, polycationic molecules, such administration. Methods of formulating and administering 

as polylysine and histone, have been shown to neutralize the the gene delivery vehicles at multiple sites through such 

negative charges on a nucleic acid molecule and to condense routes would be evident to those skilled in the art and are 

the molecule into a compact form. This form of molecule is 55 described in VS. Ser. No. 08/366,788 and U.S. Ser. No. 

transferred with high efficiency in cells, apparently through 08/367,071 incorporated herein by reference in their 

the endocytic pathway. The uptake in expression of the entirety. 

nucleic acid molecule in the host cell results after a series of M. VETERINARY APPLICATIONS 
steps, as follows: (1) attachment to cell surface; (2) cell entry From the description provided herein, those skilled in the 
via endocytosis or other mechanisms; (3) cytoplasmic com- 60 art will appreciate that the alphavirus vector constructs, 
partment entry following endosome release; (4) nuclear recombinant alphavirus particles, and eukaryotic layered 
transport; and (5) expression of the nucleic acid molecule vector initiation systems provided by the present invention 
carried by the gene delivery vehicle. In a further preferred can also be readily utilized in non-human animal (e.g., 
embodiment, multi-layer technologies are applied to the veterinary) applications. Such applications may include pro- 
polycation-nucleic acid molecule complex to facilitate 65 phylactics (e.g., vaccines), immunotherapeutics, and pallia- 
completion of one or more of these steps. For example, a lives. Within such aspects, compositions and methods are 
ligand such as asialoglycoprotein, transferrin, and immuno- provided for administering an alphavirus vector construct, 
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recombinant arenavirus particle, or eukaryotic layered vec- 39:47-60, 1990)), malaria (e.g. Plasmodium falciparum 

tor initiation system which is capable of preventing, (Haeseleer et al., Mol Biochem. Parasit. 57:117-126, 

inhibiting, stabilizing or reversing infectious diseases in 1993)), salmonellosis (Salmonella typhimurium and S. 

non-human animals. dublin), bovine and ovine mastitis (Staphylococcus aureus), 

Specifically, within one aspect of the present invention, 5 bovine tuberculosis (Mycobacterium bovis), pseudotubercu- 

compositions and methods are provided for stimulating an losis (Yersinia pseudotuberculosis), coccidioidomycosis 

immune response (either humoral or cell-mediated) to a (Coccidioides immitis), cryptococcosis (Cryptococcus 

pathogenic agent, such that the pathogenic agent is either neoformans), anthrax (Bacillus anthracis), brucellosis 

killed or inhibited. Representative examples of pathogenic (Brucella abortus > and tf.s«w), and leptospirosis (Leptospira 

agents of veterinary importance include bacteria, fungi, 10 Mewgans md Lbiflexa). 

n , ra - fp<: _ nH ' To illustrate this aspect in more detail, methods used m 

r w ... , . constructing recombinant alphavirus vectors and eukaryotic 

More specifically, sequences which encode immunoreac- * A r • %• ; * • 

» j rt . . layered vector initiation systems containing these sequences 

Uve polypepudes of the pathogenic agents may, in certain for veterinary app i icatiorj m described for two of ihe above 

embodiments be chosen from a group that includes the palhogenic age[lts (one viral ^ one parasitic). The con- 

Bunyavindae (e.g., Rift Valley Fever virus (Giorgi et al., 15 stmction of additional alphavirus vectors and eukaryotic 

Virology 180:738-753, 1991; Collett et al., Virology layered vector initiation systems is readily accomplished by 

144:228-245, 1985)), Paramyxoviridae (e.g., Newcasde dis- those sk j Ued in the art, based on the following methodolo- 

ease virus (Millar et al., J. Gen. Virol 69:613-620, 1988; gies and using sequences from other related or non-related 

Chambers et al., NucL Acid. Res. 14:9051-9061, 1986; pathogenic agents. In the case of foot-and-mouth disease 

Schaper et al., Virology 165:291-295, 1988), and canine 20 virus (FMDV), a cassette comprising each of the four PI 

distemper virus (Curran et al., J. Gen. Virol. IIMI^WI, capsid proteins (1A, IB, 1C, ID) and the 3C protease 

1991; Barrett et al., Virus Res. 8:373-386, 1987; Bellini et responsible for their post-translational cleavage is obtained 

al., J. Virol. 58:408-^16, 1986)), Togaviridae (e.g., WEE ^ pi^ds MR1 or MR2 from Graham et al. (Virology 

virus (Weaver et al., Virology 197:375-390, 1993), EEE 176:524-530, 1990). Plasmid MR1 or MR2 is digested with 

virus (Chang ctal.,J.Gen. Virol. 68:2129-2142, 1987), and 25 the enzymes HindlD and Dral to remove the FMDV PI 

VEE virus (Kinney et al., Virology 152:400-413, 1986)), cassette, followed by fill-in of the Hindlll terminus with 

Rhabdoviridae (e.g., vesicular stomatitis virus (Gill et al., Klenow, and purification from a 1% agarose gel using 

Virology 150:308-312, 1986; Gallione et al., J. Virol. GENECLEAN™. Plasmid vectors pKSSINBV and 

46:162-169, 1983; Banerjee et al., Virology 137:432-438, pVGELVIS-SINBV (see Example 3) are digested with Xhol 

1984), and rabies virus (Tordo et al., NucL Acid. Res. 30 and the termini also made blunt using Klenow, followed by 

14:2671-2683, 1986; Hiramatsu et al., Virus Genes 7:83-88, treatment with C1AP and purification from a 1% agarose gel 

1993; Kieny et ^Nature 312:163-166, 1984)), Coronaviri- using GENECLEAN™. The purified fragments are subse- 

dae (e.g., transmissable gastroenteritis vims (Britton et al., qU endy ligated to generate the alphavirus vector construct 

Molec. Micro. 2:89-99, 1988; Godet et al., Virology pKSSIN-FMDV and eukaryotic layered vector intiation 

188:166-175, 1992; Jackwood et *\. y Adv. Exp. Med. and 35 sys t em plasmid pVGELVIS-FMDV Hie purified FMDV 

Biol 342:43-^8, 1993), and feline infectious peritonitis sequences are also readily inserted into any of the other 

virus (Reed et al., Adv. Exp. Med. and Biol. 342:17-21, vector constructs described in this invention (see Example 

1993)), Reovmdae (e.g., porcine rotavirus (Burke et aL, J. 3). Packaging of the FMDV-containing alphavirus vector 

Gen. ViroL 75:2205-2212, 1994; NLshikawa et al., NucL construct pKSSIN-FMDV can be accomplished as described 

Acid. Res. 16:11847, 1988)), Orthomyxoviridae (e.g. equine 40 m Example 7. 

influenza (Gibson et al., Virus Res. 22:93-106, 1992; Dale et For construction of a recombinant alphavirus vector con- 
aL, Virology 155:460-468, 1986)), Picomaviridae (e.g., struct or eukaryotic layered vector initiation system com- 
FMD virus (Graham et al., Virology 176:524-530, 1990; prising sequences from a pathogemc agent of anaplasmosis, 
Brown et al., Gene 75:225-233, 1989; Fross et al, NucL the major surface protein 2 (MSP-2) of A. marginale is 
Acid. Res. 12:6587-6601, 1984)), and Herpesviridae (e.g., 45 obtained by PCR amplification from plasmid pCKR11.2 
equine herpesvirus (Crabb et al., /. Gen. Virol. (Palmer et al., Infect. Immun. 62:3808-3816, 1994) using 
72:2075-2082)). the following oligonucleotide pair, each containing a flank- 
In other embodiments, the sequences which encode m g xhol site: 
immunoreactive polypeptides of the pathogemc agents may forward primer (AM-MSP-2F): 
be chosen from a group that includes the agents of cocci di- 50 

osis (e.g., Eimeria Acervulina, E. tenella, E. maxima (Talebi 

et al., Infect. Immun. 62:4202-4207, 1994; Pasamotites et S'-TATATCJirXjAGACCACCATCAGTC 

al., Mol Biochem. Parasit. 57:171-174, 1993; Tomley et al., (SEQ. ld. no. 115) 

Mol Biochem. Parasit. 49:277-288, 1991; Castle et aL, J. of 

Parasit. 77:384-390, 1991; Jenkins et al., Exp. Parasit. 55 reverse primer (AM-MSP-2R): 
70:353-362, 1990)), anaplasmosis (e.g., Anaplasma margi- 
nale (McGuire et al., Vaccine 12:465-471, 1994; Palmer et 



al., Infect. Immun. 62:3808-3816, 1994; Oberle et al., Gene 5 '-TATATCITXj AGCIAG AACK3CAA^ 

136:291-294, 1993; Barbet et al., Infect. Immun. (SEQ. LP. NO. 116) 

59:971-976, 1991; Barbet et al., Infect. Immun. 60 

55:2428-2435; 1987)), babesiosis (e.g., Babesia bovis A standard three temperature cycling protocol is performed 

(Suarez et al., Infect. Immun. 61:3511-3517, 1993; Hines et as described previously using THERM ALASE™ thermo- 

al., Mol Biochem. Parasit. 55:85-94, 1992; Jamer et al., stable polymerase, the oligonucleotide pair, and plasmid 

Mol Biochem. Parasit. 55:75-83, 1992; Suarez et al., Mol pCKR11.2 as template. Following amplification, the MSP-2 

Biochem. Parasit. 46:45-52, 1991)), theileriosis (e.g. 65 amplicon is purified using GENECLEAN™, digested with 

Theileria parva (Nene et al., Mol Biochem. Parasit. Xhol, and re-purified with GENECLEAN™. Plasmid vec- 

51:17-27, 1992; lams et al., Mol Biochem. Parasit. tors pKSSINBV and pVGELVIS-SINBV (see Example 3) 
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also are digested with Xbol, followed by treatment with 
CLAP and subsequent ligation to the MSP-2 fragment to 
generate the alphavirus vector construct pKSSIN-MSP2 and 
eukaryotic layered vector initiation system plasm id 
pVGELVIS-MSP2. The purified MSP-2 sequences are also 
readily inserted into any of the other vector constructs 
described elsewhere in this specification (e.g., Example 3). 
Packaging of the MSP-2-containing alphavirus vector con- 
struct pKSSIN-MSP2 can be accomplished as described in 
Example 7. 

Example 4 

A INSERTION OF ADENOVIRUS EARLY REGION E3 
GENE INTO SINDBIS VECTORS 

In order to inhibit the host CTL response directed against 
viral specific proteins expressed in vector infected cells, in 
applications where repeated administration of the therapeu- 
tic is desired, the Adenovirus type 2 (Ad 2) E3/19K gene 
ATCC No. VR-846 is cloned into the pKSSINdlJRsjrc 



with Clal. Plasmid that has been digested only once is 
isolated by gel electrophoresis then digested with Xhol. The 
large fragment is isolated by gel electrophoresis and ligated 
to the digested PCR am pi icon. This clone is designated 
pKSSINdlJRsjrc AdE3. Using the same cloning strategy, the 
Ad 2 E3/19K gene may be inserted into any of the modified 
synthetic junction region vectors or ELVIS vectors 
described in Example 3. 

B. INSERTION OF THE HUMAN CYTOMEGALOVI- 
RUS H301 GENE INTO SINDBIS VECTORS 

In order to inhibit the host CTL directed response against 
viral specific proteins expressed in vector infected cells in 
applications where repeated administration of the therapeu- 
tic is desired, the human cytomegalovirus (HCMV) H301 
gene is cloned into the pKSSINdlJRsjrc plasmid, immedi- 
ately downstream from the junction region core. 

Briefly, HCMV strain AD169 (ATCC No. VR-538), is 
propagated in a permissive cell line, for example primary 
human foreskin fibroblasts (HFF) (GIBCO/BRL, 
plasmid, immediately downstream from the junction region ^ Gaithersburg, Md.), and after evidence of cytopathologjc 



10 



15 



core. Briefly, Ad 2 is propagated in a permissive cell line, for 
example HeLa or Vero cells, and after evidence of cyto- 
pathologic effects, virions are purified from the cell lysate, 
and the Ad 2 DNA is purified from the virus. 

The Ad 2 DNA E3/19K gene, including the amino termi- 
nal signal sequence, followed by the intraluminal domain 
and carboxy terminal cytoplasmic tail which allows the E3 
19K protein to embed itself in the endoplasmic reticulum, is 
located between viral nucleotides 28,812 and 29,288. Iso- 
lation of the Ad 2 E3 19K gene from the viral genomic DNA 
is accomplished by PCR amplification, with the primer pair 
shown below: 

Ad 2 E3 Forward primer (Ad 2 nucleotides 28,812-28,835): 



5'-TAT ATC TCC AGA TGA GGT ACA TGA TTT TAG OCT TG-3' 
(SEQ. ID NO. 56) 

Ad 2 E3 Reverse primer (Ad 2 nucleotides 29,241-29,213): 



5 -TAT ATA TOG ATT CAA GGC ATT TIC TTT TCA TCA ATA AAA C 
(SEQ. ID NO. 57) 

In addition to the Ad 2 complementary sequences, both 
primers contain a five nucleotide 'buffer sequence* at their 5 1 
ends for efficient enzyme digestion of the PCR amplicon 
products. This sequence in the forward primer is followed by 
the Xho I recognition site, and in the reverse primer this 
sequence is followed by the Cla I recognition site. Thus, in 
the 5' to y direction, the E3/19K gene is flanked by Xho I 
and Cla I recognition sites. Amplification of the E3/19K 
gene from Ad 2 DNA is accomplished with the following 
PCR cycle protocol: 



Temperature (°C.) 


Time (Min.) 


No. Cycles 
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Following amplification, the 451 bp amplicon is purified 
on a 1.5% agarose gel, and digested with the Xho I and Cla 
I enzymes. pKSSINdlJRsjrc plasmid is partially digested 
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effects, virions are purified from the cell lysate. 
Subsequently, HCMV DNA is purified from the virons. 

The HCMV H301 gene is located between viral nucle- 
otides 23,637 and 24,742. Isolation of the HCMV H301 
gene from the viral genomic DNA is accomplished by PCR 
amplification, with the primer pair shown below: 
HCMV H301 Forward primer (buffer sequence/Xho I site/ 
HCMV nucleotides 23,637-23,660): 



y-TAT ATC TCC AGA TGA TGA CAA TOT GGT GTC TGA CG-3* 
(SEQ. ID NO. 58) 

HCMV H301 Reverse primer (buffer sequence/Cla I site/ 
HCMV nucleotides 24,744-24,722): 



5-TAT ATA TCG ATT CAT GAC GAC CGG ACC TTG CG-3' 
(SEQ. ffi> NO. 59) 

In addition to the HCMV H301 gene complementary 
sequences, both primers contain a five nucleotide 'buffer 
sequence' at their 5' ends for efficient enzyme digestion of 
the PCR amplicon products. This sequence in the forward 
primer is followed by the Xho I recognition site, and in the 
reverse primer this sequence is followed by the Cla I 
recognition site. Thus, in the 5' to 3' direction, the HCMV 
H301 gene is flanked by Xho I and Cla I recognition sites. 
Amplification of the HCMV H301 gene from HCMV DNA 
is accomplished with the following PCR cycle protocol: 



55 



Temperature (°C.) 


Time (Min.) 


No. Cycles 


94 


2 
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94 


0.5 




55 


0.17 
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72 


3.5 
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Following amplification, the 1,129 bp amplicon product is 
purified on a 1.0% agarose gel, and subsequently digested 
with the Xho I and Cla I enzymes and ligated into the CIAP 
treated pKSSINdlJRsjrc plasmid, previously digested with 
65 Xho I and Cla I as described above. This clone is designated 
pKSSINdlJRsjrcl 1301 . Using the same cloning strategy, the 
HCMV H301 gene is inserted into all of the modified 
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synthetic junction region vectors and all of the ELVIS 
vectors described in Example 3. 

Example 5 

EXPRESSION OF MULTIPLE HETEROLOGOUS 5 
GENES FROM SINDBIS VECTORS 

The plasmid pBS-ECAT (Jang et al, /. Virol 63:1651, 
1989) includes the 5* nontranslated region of Encephalomy- 
carditis virus (EMCV) from nts 260-848 of the viral 10 
genome, which contains the internal ribosome entry site 
(IRES). EMCV nucleotides 260-827 are amplified from 
pBS-ECAT by PCR, using the following primer pair. 
EMCV IRES Forward primer A (For insertion next to 
disabled junction region in vector pKSSINBVdlJR at Apa I 15 
site): 



5-TAT ATG GGC CCC OCC CCC CCC CCC AAC G-3' 
(SEQ. ID NO. 60) 

20 

EMCV IRES Forward primer B (For insertion between 
heterologous genes terminating with Cla I sites and initiating 
with Nco I sites): 



5 -TAT ATA TOG ATC CCC CCC CCC CCC CCA ACG-3' 
(SEQ. ID NO. 61) 



EMCV IRES Reverse Primer (To be used with either prim- 
ers A or B): 



5"-TAT ATC CAT GGC TTA CAA TCG TGG TTT TCA AAG G-3' 
(SEQ. ID NO. 62) 

35 

The amplicoD resulting from amplification with the forward 
primer A and the reverse primer is flanked by Apa I and Nco 
I recognition sites, inside a 5 bp 'buffer sequence'. 
The amplicon resulting from amplification with the forward 
primer B and the reverse primer is flanked by Cla I and Nco 40 
I recognition sites, inside a 5 bp 'buffer sequence'. 
Amplification of the EMCV IRES sequence from the pBS- 
ECXT plasmid is accomplished with the following PCR 
cycle protocol: 



Temperature (°C.) 


Tunc (Min.) 


No. Cycles 


94 
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94 
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In a similar manner, the ATG corresponding to the start 
codon of the heterologous gene to be inserted immediately 
downstream of the EMCV IRES insert is modified to contain 
an Ncol site (CCATGG) while the 3 f end is modified to 
contain a Clal site. 60 

For insertion into the pKSSINBVdlJR vector, the 589 bp 
ECMV-IRES amplicon is digested with Apal and Ncol, 
purified on a 1% agarose gel. The heterologous gene ampli- 
con is digested with Ncol and Gal and purified in a similar 
manner. Both fragments are ligated into the CIAP treated 65 
vector digested with Apa I and Clal as described in 
example 4. 
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For insertion into the pKSSINBV or pKSSINBVdlJRsjrc 
vectors between heterologous genes, the 589 bp amplicon is 
digested with Cla I and Nco I, purified on a 1% agarose gel, 
and ligated into the bicistronic heterologous gene vector 
digested with Cla I and Nco I and treated with CIAP. In a 
bicistronic heterologous gene configuration, the 3 ? end of the 
upstream heterologous gene is modified to terminate in a Cla 
I recognition site. The ATG corresponding to the start codon 
of the second downstream heterologous gene to be inserted 
immediately downstream of the EMCV IRES insert is 
modified to contain an Nco I site (CCATGG). Thus, from 5' 
to 3 r , the order of components is: pKSSINBV or 
pKSSINBVdlJRsjrc-gene #l-Cla/Nco EMCV IRES gene 
#2-3' SIN. Insertion into all of the modified junction region 
vectors described in Example 2 and all of the ELVIS vectors 
described in Example 3 follows the strategy given here for 
the pKSSINBV or pKSSINBVdlJRsjrc vectors. 

The pKSSINBVdlJR vector containing a bicistronic het- 
erologous configuration is constructed with each of the 
EMCV IRES amplicons described above. The first EMCV 
IRES amplicon is flanked by Apa I and Nco I sites and is 
inserted immediately downstream of the disabled junction 
region at the Apa I site, as described above. This EMCV 
IRES sequence is followed by the first heterologous gene, 
which terminates in a Cla I recognition site. The first 
heterologous gene is followed by the second EMCV IRES 
sequence, using the amplicon flanked by Cla I and Nco I 
recognition sites. The second heterologous gene follows the 
second EMCV IRES sequence. Thus, from 5* to 3', the order 
of components is: SINBVdlJR-Apa/Nco EMCV IRES gene 
#l-Cla/Nco EMCV IRES gene #2-3' SIN. 

The plasmid pP2-5* (Pelletier et aL, MoL Cell Biol. 
8:1103, 1988) includes the 5' nontranslated region of the 
poliovirus P2/Lansing strain from nucleotides 1-1,872 of 
the viral genome, which contains the polio IRES. Poliovirus 
nucleotides 320-631 are amplified from pP2-5' by PCR, 
using the following primer pain 

Polio IRES Forward primer A (For insertion next to disabled 
junction region in vector pKSSINBVdlJR at Apa I site): 



S'-TAT ATG GGC CCT CGA TGA GTC TGG ACG TTC CTC-3* 
(SEQ. ID NO. 63) 



Polio IRES Forward primer B (For insertion between het- 
erologous genes terminating with Cla I sites and initiating 
with Nco I sites): 



5*-TAT ATA TCG ATT CGA TGA GTC TGG ACG TTC CTC-3' 
(SEQ. ID NO. 64) 



Polio IRES Reverse Primer (To be used with either primers 
AorB): 



5*-TAT ATC CAT GG A TCC AAT TTG CTT TAT GAT AAC AAT C-3* 
(SEQ. ID NO. 65) 



The amplicon resulting from PCR with the Polio IRES 
forward primer A/reverse primer pair shown above is 
flanked by Apa I and Nco I recognition sites, inside a 5 bp 
'buffer sequence' . The amplicon resulting from PCR with 
the Polio IRES forward primer B/reverse primer pair is 
shown above is flanked by Cla I and Nco I recognition sites, 
inside a 5 bp 'buffer sequence*. Amplification of the polio 
IRES sequence from the pP2-5' plasmid is accomplished 
with the PCR protocol shown in Example 5. In a similar 
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manner, the ATG corresponding to the start codon of the digestion of the PCR amplicon products. This sequence is 

heterologous gene to be inserted immediately downstream followed by the Apa I recognition site, 

of the Polio IRES insert is modified to contain an Ncol site Amplification of the BiP cDNA sequence from the 

(CCATGG) while the 3* end is modified to contain a Clal pGEM5ZBiP5' plasmid for insertion into the Sindbis vectors 

site. 5 pKSSINBV, or pKSSINBVdlJRsjrc, is accomplished by 

For insertion into the pKSSINBVdlJR vector, the 333 bp amplification with the following forward primer shown 

Polio-IRES amplicon is digested with Apa I and Nco I and below. For these vectors, the BiP cDNAis inserted between 

purified on a 15% agarose gel. The heterologous gene two heterologous genes, which are placed in the region 

amplicon is digested with Ncol and Clal and purified in a corresponding to the Sindbis structural genes, 
similar manner. Both fragments are ligated into the ClAP 

treated vector digested with Apa I and Clal as described in 

example 4. 5 '-TAT ATA tcg atg gtc gac gcc ggc caa GAC-3" 

For insertion into the pKSSINBV or pKSSINBVdlJRsjrc (SEQ. ID NO. 67) 

vectors between heterologous genes, the 333 bp amplicon is " 

digested with Cla I and Nco I, purified onali% agarose i n addition to the BiP cDNA complementary sequences, 

gel, and ligated into the bicistromc heterologous gene vector 15 beginning at nucleotide 12, the primer contains a five 

digested with Cla I and Nco I and treated with CLAP. In a nucleotide 'buffer sequence' at its 5* end for efficient enzyme 

bicistromc heterologous gene configuration, the 3" end of the digestion of the PCR amplicon products. This sequence is 

upstream heterologous gene is modified to terminate in a Cla followed by the Cla I recognition site. 

I recognition site. The ATG corresponding to the start codon The reverse primer for amplification of the BiP cDNA 

of the second downstream heterologous gene to be inserted 20 sequence from the pGEM5ZBiP5' plasmid for insertion into 

immediately downstream of the polio IRES insert is modi- the Sindbis vectors pKSSINBVdlJR, pKSSINBV, or 

fied to contain an Nco I site (CCATGG). Thus, from 5' to 3', pKSSINBVdlJRsjrc, is: 

the order of components is: pKSSINBV or 

pKSSINBVdlJRsjrc-gene #l-Cla/Nco polio IRES gene 

#2-3' SIN. Insertion into all of the modified junction region 25 ^ ^ atc cat ggt goc agc cagttgggcagc ag-3* 

vectors and all of the ELVIS vectors described in Example (SEa *° Na ^ 

3 follows the strategy given here for the pKSSINBV or 

pKSSINBVdlJRsjrc vectors. In addition to the BiP cDNA complementary sequences, 

The pKSSINBVdlJR vector containing a bicistromc het- beginning at nucleotide 12, the reverse primer contains a five 

erologous configuration is constructed with each of the polio 30 nucleotide 'buffer sequence' at its 5' end for efficient enzyme 

IRES amplicons described above. The first polio IRES digestion of the PCR amplicon products. This sequence is 

amplicon is flanked by Apa I and Nco I sites and is inserted followed by the Nco I recognition site. Amplification of the 

immediately downstream of the disabled junction region at BiP cDNA from the pGEM5ZBiP5* is accomplished with 

the Apa I site, as described above. This polio IRES sequence PCR protocol that are described above. In a similar manner, 

is followed by the first heterologous gene, which terminates 35 the ATG corresponding to the start codon of the heterolo- 

in a Cla I recognition site. The first heterologous gene is gous gene to be inserted immediately downstream of the BiP 

followed by the second polio IRES sequence, using the IRES insert is modified to contain an Ncol site (CCATGG) 

amplicon flanked by Cla I and Nco I recognition sites. The while the 3* end is modified to contain a Clal site, 

second heterologous gene follows the second polio IRES For insertion into the pKSSINBVdlJR vector, the 242 bp 

sequence. Thus, from 5 f to 3\ the order of components is: 40 BiP IRES amplicon is digested with Apa I and Nco I and 

SINBVdlJR-Apa/Nco polio IRES gene #l-Cla/Nco EMCV purified on a 2% agarose gel The heterologous gene ampli- 

IRES gene #2-3* SIN. con is digested with Ncol and Clal and purified in a similar 

The 220 bp BiP cDNA, corresponding to the 5' leader manner. Both fragments are ligated into the CLAP treated 

region of the human immunoglobulin heavy-chain binding vector digested with Apa I and Clal as described in example 

protein mRNA, is amplified from a plasmid containing the 45 4. 

5* noncoding region of the BiP gene, pGEM5ZBiP5* For insertion into the pKSSINBV or pKSSINBVdlJRsjrc 

(provided by P. Sarnow, University of Colorado Health vectors between heterologous genes, the 242 bp BiP IRES 

Sciences Center), using PCR. The sequence corresponding amplicon is digested with Cla I and Nco I, purified on a 2% 

to BiP cDNA was determined originally in the bacteriophage agarose gel, and ligated into the bicistronic heterologous 

lambda hu28-l clone of the human GRP78 gene (Ting and 50 gene vector digested with Cla I and Nco I and treated with 

Lee, DNA 7:275-286, 1988). The forward primer to be used ClAP. In a bicistronic heterologous gene configuration, the 

in the PCR reaction varies, depending on the Sindbis vector 3' end of the upstream heterologous gene is modified to 

into which the BiP cDNA is inserted. The reverse primer for terminate in a Cla I recognition site. The ATG corresponding 

the PCR reaction is the same for all Sindbis vectors. Ampli- to the start codon of the second downstream heterologous 

fication of the BiP cDNA sequence from pGEM5ZBiP5 t 55 gene to be inserted immediately downstream of the BiP 

from the plasmid for insertion into the Sindbis vector cDNA insert is modified to contain an Nco I site (CCATGG). 

pKSSINBVdlJR, immediately downstream of the disabled Thus, from 5' to 3', the order of components is: pKSSINBV 

junction region, is accomplished by amplification with the or pKSSINBVdlJRsjrc-gene #l-Cla/Nco BiP-gene #2-3' 

following forward primer: SIN. Insertion into all of the modified junction region 

60 vectors described in Example 2, and into all of the ELVIS 

— — — — — — — — — — __ _ _ _ vectors described in example 3, follows the strategy given 

(s^roNO^ ( ^ GTCGACGCCGGCCAA GAC - 3 ' here for the pKSSINBV or pKSSINBVdlJRsjrc vectors. 



The pKSSINBVdlJR vector containing a bicistronic het- 
erologous configuration is constructed with each of the BiP 
In addition to the BiP cDNA complementary sequences, 65 cDNA amplicons described above. The first BiP cDNA 
beginning at nucleotide 12, the primer contains a five amplicon is flanked by Apa I and Nco I sites and is inserted 
nucleotide 'buffer sequence' at its 5 1 end for efficient enzyme immediately downstream of the disabled junction region at 
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the Apa I site, as described above. This BiP sequence is genes, each of which is preceded by a splice acceptor 

followed by the first heterologous gene, which terminates in sequence. As such, multiple splice acceptor/heterologous 

a Cla I recognition site. The first heterologous gene is gene inserts may be arrayed 3 ! to one another. This creates 

followed by the second BiP cDNA sequence, using the a system whereby multiple heterologous genes are expressed 

amplicon flanked by Cla I and Nco I recognition sites. The 5 from a single eukaryotic layered vector initiation system 

second heterologous gene follows the second BiP sequence. transcript, which is processed alternately at each splice 

Thus, from 5' to 3', the order of components is: SINBVdlJR- acceptor site to give rise to individual autocatalytic RNAs 

Apa/Nco BiP-gene #l-Cla/Nco BiP-gene #2-3* SIN. encoding an individual heterologous gene. In such a system, 

Sequences which promote ribosomal readthrough are levels of expression for each heterologous gene is controlled 

placed immediately downstream of the disabled junction i 0 independently by altering the nucleotide sequence of the 

region in the pKSSINBVdlJR vector, which allows riboso- splice acceptor site. In addition, multiple splice donor/ 

mal scanning in genomic mRNA from non-structural gene acceptor sites may be engineered into the system. Finally, 

termination to the heterologous genes. The heterologous tissue specific splice donor/acceptor sequences may be uti- 

proteins are expressed from genomic length mRNA by lized in such a system to control the expression in specific 

ribosomal scanning. This extends the life of the infected 15 tissues, 
target cell because no subgenomic transcription occurs in 

cells infected with this vector. Further, these same ribosomal Example 6 

scanning sequences are placed between heterologous genes ™,™™ 

contained b polycistronic subgenomic mRNAs The ribo- EXPRESSION OF MULTIPLE HETEROLOGOUS 

somal spanning sequence to be used in the pKSDINBVdlJR 20 GENES BY COPACKAGING 

vector and between heterologous genes in the polycistronic The ability to copackage multiple RNA molecules in the 

mRNA region is: same alphavirus vector particle can be useful for the expres- 
sion of multiple heterologous gene products from a single 

5'-TTA ATT AAC GGC CGC CAC CAT GG-3' ^ "> ^ ^ j**™™ ' ^ In ad,M ? a > «» ^ 
25 be adapted in order to allow very large genes to be earned 

The boldfaced codons refer to the ochre stop codon and on RNA molecules separate from the alphavirus vector RNA 

AUG start codon, respectively. The bases underlined sur- containing the nonstructural genes, thus avoiding the need to 

rounding the stop codon refer to the Pac I recognition site package very long vector RNA molecules. 

and the bases underlined surrounding the start codon refer to In order to accomplish such copackaging, all RNA frag- 

the Nco I recognition site. The intercistronic distance of 15 30 ments must contain a 5' sequence which is capable of 

bp between the start and stop codons allows efficient ribo- initiating transcription of an alphavirus RNA, an alphavirus 

somal readthrough, as shown previously (Levine et al., Gene RNA polymerase recognition sequence for minus-strand 

108:167-174, 1991). The sequences surrounding the ATG synthesis, and at least one copy of the RNA packaging 

start codon from bases -9 to +1 conform to the Kozak sequence. At least one of the RNA fragments also must 

consensus sequence for efficient translational initiation 35 contain sequences which code for the alphavirus non- 

(Kozak, Cell 44:283-292, 1986). Where possible, the 3' structural proteins. Within preferred embodiments of the 

terminal nucleotide corresponding to the carboxy terminal invention, one or more of the RNA fragments to be copack- 

amino acid is changed to T, by site-directed mutagenesis. aged also will contain a viral junction region followed by a 

Also, the 5 1 terminal nucleotide corresponding to the amino heterologous gene. 

terminal amino acid in the downstream cistron is changed to 40 A. CONSTRUCTION OF CO PACKAGED EXPRESSION 
G, by site-directed mutagenesis. CASSETTES FOR EXPRESSION OF MULTIPLE HET- 

Insertion of the intercistronic sequence between heterolo- EROLOGOUS GENES 
gous genes, or downstream of the disabled junction region In order to demonstrate the feasibility of copackaging to 
in vector pKSDINBVdlJR, modified as described above, is allow for the expression of multiple heterologous genes, two 
accomplished by insertion of the double-stranded oligo- 45 vector constructs are created. The first construct consists of 
nucleotide pair shown below, into compatible Pac I/Nco I a 5' sequence that is capable of initiating transcription of 
ends: Sindbis virus RNA, Sindbis RNA sequences required for 

Read through sense Oligonucleotide: packaging, sequences encoding the synthesis of nonstruc- 

tural proteins 1-4, a Sindbis junction region, the luciferase 
5--TAA cggccgccac-3' (seq. id NO. 70) 50 gene, and Sindbis 3* sequences required for synthesis of the 

Read through antisense Oligonucleotide: minus ^ ^«>nd construct consists of a 5' 

sequence that is capable of initiating transcription of a 

5--CCA tgg tgg cgg ccg tta AT-3' (seq. id no. 71) Sindbis virus, Sindbis sequences required for packaging, a 

Sindbis Junction region, Sequences encoding the LacZ gene, 

The oligonucleotides above are mixed in equal molar 55 and Sindbis 3' sequences required for synthesis of the minus 

quantities in the presence of 10 mM MgCL,, heated at 95° C. strand RNA. RNA transcripts of these constructs transfected 

for 5 min, then allowed to cool slowly to room temperature, into a packaging cell line are copackaged to produce a vector 

yielding the desired intercistronic sequence flanked by Pac particle capable of transferring expression of both luciferase 

I and Nco I sites. The intercistronic sequence is then ligated and p-galactosidase into the same eukaryotic cell, 
into the appropriate vector containing Pac I and Nco I 60 The p-galactosidase reporter gene is inserted into the 

compatible sites. Sindbis Basic Vector (pKSSINBV) followed by deletion of 

Another aspect of the present invention to enable expres- a portion of the Sindbis non-structural proteins from the 

sion of multiple heterologous genes in eukaryotic layered vector. RNA from this construct is cotransfected with RNA 

vector initiation systems is based on the use of alternate from Sindbis Luciferase Vector (pKSSINBV-hic) and is 

splicing signals. In this configuration, a splice donor 65 copackaged by one of the methods described in Example 7. 

sequence is inserted immediately downstream of the junc- Infection of fresh BHK-21 cells with vector particles con- 

tion region promoter, followed by one or more heterologous taming the copackaged RNA expression cassettes should 
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result in the expression of both lucif erase and This results in the removal of the Sindbis nonstructural 

P-galactosidase in the same cell proteins between nt# 422-7054. This construct is known as 

B. CONSTRUCTION OF A P-GALACTOSIDASE pKSSINBVdlNSP-Unker-Pmel. The pKSSINBVdlNSP- 

EXPRESSION CASSETTE Linker-Pmel construct is digested with the enzymes Pml I 

pKSSINBV-Linker is digested with the enzyme Sac I, 5 and Stu I and purified by using Geneclean. The source of 

which cleave^umnediately after the Sindbis 3'nend and poly factor VIII cDNA is clone pSP64-VIII, an ATCC clone 

A sequence. The digested fragment is treated with alkaline ^ tbe accession numb er 39812 having a cDNA encoding 

phosphatase and purified using Geneclean. Two 12 mer ^ mAeogfh human protcin . pSP64-VIII is digested with 

ougonucleotides, Sal ^ ^ emJs m bluntcd ^ T4 DNA polymerase ^ 50 

10 uM of each dNTP, and the ca. 7700 bp. fragment is dec- 
s' ggtttaaacaggagct 3* (seq. id no. 72) trophoresed on a 0.7% agarose/TBE gel and purified with 
5" cCTGTTTAAACCAGcr 3' (seq. CD no. 73) Geneclean. The 7.7 kb fragment encoding Factor VIII is 

purified in a 0.7% agarose gel and subsequently ligated to 



which form the Pme I site with Sad compatible ends when * e M ^ 1 d*8^ P^^^NSP-LmtoM 

hybridized, were phosphorylated and ligated into the SacI 15 ira S^ eni - This construct is known as pKSSINBVdlNSP- 

digested vector. This construct is known as pKSSINBV- Factor VII]. 

Linker-Pmel. The Pme I recognition site is substituted for pKSSINBVdlNSP-Factor VIII and pKSSINBV con- 

the Sac I site in order to create a site for linearization of the structs are linearized with Pme I and Sac I, respectively. SP6 

plasmid prior to SP6 transcription. The lacZ gene contains transcripts are prepared as described in Example 3. These 

several Sac I sites. pKSSINBV-Iinker-Pmel is digested with 20 RNA transcripts are cotransfected into packaging cells that 

Pml I and Bel I followed by purification with express the Sindbis structural proteins by one of the mecha- 

GENE CLEAN. The lacZ gene is obtained by digestion of nisms described in Example 7. Both RNA transcripts contain 

pSV p-galactosidase vector DNA(Promega Corp., Madison, a 5' sequence that is capable of initiating transcription of 

Wis.) with the enzyme HindlD. The digest is blunt-ended Sindbis RNA, sequences required for RNA packaging, a 

with Klenow DNA polymerase and dNTPs. The Klenow is 25 Sindbis Junction region, and the Sindbis 3' sequences 

heat killed and the plasmid is further digested with Bam HI required for synthesis of the minus strand RNA In addition, 

and Xmn I. Xmn I reduces the size of the remaining vector the pKSSINBV transcript contains the Sindbis nonstructural 

fragment to simplify gel purification of the lacZ fragment. protein genes, and the pKSSINBVdlNSP-Factor VTJI con- 

The 3.7 kbp lacZ fragment is purified from a 1% agarose gel struct contains the Factor VIII gene, but not the Sindbis 

and ligated into the Pml I/Bcl I digested pKSSINBV-Linker- 30 nonstructural protein genes. In cotransfected cells, both 

Pmel fragment. This construct is known as pKSSINBV- RNA transcripts are replicated and some viral particles will 

lacZ. pKSSINB V-lacZ is digested with Bsp EI and religated contain both RNA transcripts copackaged into the same 

under dilute conditions. This results in the removal of the vector particle. Infection of fresh BHK-21 cells with the 

Sindbis nonstructural proteins between nt#422-7054. This copackaged RNA will result in Factor VIII expression only 

Sindbis construct is known as pKSSINBVdlNSP-lacZ. 35 if both RNA molecules are present in the same cell. 

pKSSINBVdlNSP-lacZ and pKSSINBV-luc are linear- E. CONSTRUCTION OF AN AURA VIRUS COPACKAG- 

ized with Pme I and Sac I, respectively, and SP6 transcripts ING VECTOR 

are prepared as described in Example 3. These RNA tran- To develop Aura virus expression systems analagous to 

scripts are cotransfected into packaging cells that express the those described for Sindbis, standard techniques known in 

Sindbis structural proteins by one of the mechanisms 40 the art (e.g., Sambrook et aL, Molecular Cloning: A Labo- 

described in Example 7. Each RNA transcript contains a 5* ratory Manual, Cold Spring Harbor Laboratory Press, 

sequence that is capable of initiating transcription of a 1989), as well as specific approaches described herein, will 

Sindbis virus, RNA sequences required for packaging, a be utilized for constructions. Virus, obtained from the 

Sindbis junction region, a reporter gene, and Sindbis 3* ATCC, is propagated on cultured cells, its virion RNA 

sequences required for synthesis of the minus strand RNA. 45 extracted, and cDNA spanning the entire genome synthe- 

The pKSSINBV-luc transcript also contains the Sindbis sized and cloned using conventional techniques. This cDNA 

non-structural proteins. In cotransfected cells, both RNA is then used to construct gene transfer vector systems similar 

transcripts are replicated and some viral particles will con- in principal to those described above, including, but not 

tain both RNA transcripts copackaged into the same particle. limited to, a replicon capable of carrying the heterologous 

Infection of fresh cells with the copackaged RNA particles 50 gene(s), packaging cell lines that express the structural 

will result in cell that express both luciferase and protein genes, and unique to this system, a separate 

p-galactosidase. packaging-competent subgenomic vector capable of carry- 

C. COPACKAGING OF MULTIPLE EXPRESSION CAS- ing the additional heterologous gene(s). Since Aura virus 
SETTES TO INCREASE PACKAGING CAPACITY subgenomic RNA contains a packaging signal, preliminary 

Large genes such as Factor VIII can benefit from copack- 55 experiments are performed to identify this sequence, in order 

aging. Briefly, insertion of the cDNA coding for Factor VIII to prevent its inactivation during replacements with heter- 

into the Sindbis Basic Vector (PKSSINBV) results in an ologous the gene(s). After identification of the packaging 

RNA transcript approaching 16 kb in length. Because of the sequence, the individual elements of this Aura-based system 

increased length, this RNA cannot be replicated or packaged are generated. 

efficiently. Using approaches described above, the Sindbis 60 A basic replicon vector is constructed to contain the 

nonstructural proteins and the Factor VIII gene could be following minimum elements: Aura 5* sequences necessary 

divided onto separate RNA molecules of approximately 8 kb for replication, nonstructural protein coding regions, a modi- 

and 9 kb in length, and copackaged into the same particles. fied or unmodified junction region for subgenomic mRNA 

D. CONSTRUCTION OF A FACTOR VBI EXPRESSION synthesis, a restriction enzyme site for insertion of beter- 
CASSETTE 65 ologous gene(s), one or more copies of the packaging signal, 

The pKSSINBV- Linker-Pmel construct is digested with and 3' Aura sequences necessary for replication, including a 

the enzyme Bsp EI and religated under dilute conditions. polyadenylate sequence. An upstream bacteriophage RNA 
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polymerase promoter will be utilized for in vitro transcrip- albopictus, Aedes aegypti, Spodoptera frugiperda, and 
tion of replicon RNA; alternatively, a eukaryotic RNA Drosophila melanogaster cells, may be utilized to construct 
polymerase promoter will be utilized for transcription packaging cell lines. For example, within one embodiment, 
directly from cDNA. alphavirus packaging cell lines are provided using an con- 
A packaging-competent subgenomic vector is also con- 5 figuration uses an insect parent cell line, such as the Aedes 
structed to contain the following minimum elements: a albopictus, containing a stably transfected expression cas- 
modified or unmodified junction region, a restriction sette vector which allows for expression of alphavirus 
enzyme site for insertion of heterologous gene(s), one or structural proteins under the control of inducible or non- 
more copies of the packaging signal, and 3* Aura sequences inducible promoters active in these cell types, and 
necessary for replication/minus-strand synthesis, including a 10 co-expressing a selectable marker. 

polyadenylate sequence. The subgenomic vector may, in Recently, a Sindbis virus-induced protein of cellular 

some cases, be constructed with the Aura 5* replication origin, which has been associated with the down-regulation 

sequences positioned upstream of the junction region, such of Sindbis virus production in some infected Aedes albop- 

that the vector will function as an amplicon. Transcription of ictus cells, has been identified and purified (Luo and Brown, 

subgenomic vector RNA can be accomplished in vitro using 15 Virology 194(l):44-49, 1993). The protein is a small hydro- 

a bacteriophage RNA polymerase promoter, or cDNA in phobic peptide of approximately 3200 Da., which can 

vivo using a eukaryotic RNA polymerase promoter. Further, induce an antiviral state and inhibit both 49S and 26S viral 

the initial transcript may be of the sense-configuration or of RNA synthesis. Cells treated with the antiviral peptide 

the antisense-configuration. usually demonstrate quiescent arrest of cellular division for 

Packaging cell lines are also constructed as described 20 96 hours in uninfected cells, and then normal growth rates 

previously for Sindbis vectors, such that mRNA for one or are restored. Cells that have been exposed to this peptide 

more of the structural proteins will be transcribed from the prior to infection are unable to replicate Sindbis virus and 

junction region and be inducible by the Aura replicon. In appear to maintain this phenotype by constitutively produc- 

other cases, one or more of the structural proteins can be ing the antiviral protein through 10 months of continuous 

expressed under the control of an inducible or constitutive 25 passage. 

eukaryotic promoter. In each case, specific inactivating It is recognized that this cellular response to Sindbis 

mutations are made in any packaging sequences present in replication in Aedes albopictus cells might decrease the 

the structural protein genes, in order to prevent encapsida- efficiency of a recombinant alphavirus vector producing 

tion of these sequences with the replicon. These mutations system in those cells. To improve the efficiency of alphavirus 

should be silent changes, usually at the third position of the 30 vector production, two methods have been devised to inac- 

codon, which do not affect the amino acid encoded. tivatc the virus-induced cellular antiviral protein, thus pre- 

The ability to package multiple heterologous genes can be venting any reduction of vector particle titers. The first 

exploited for many therapeutic applications, which include, method entails purification of this cellular protein described 

but are not limited to, expression of multiple cytokines, above, and determination of a portion of the primary amino 

multiple CTL epitopes, combinations of cytokines and CTL 35 acid sequence using established techniques known in the art. 

epitopes to enhance immune presentation, multiple subunits The resulting amino acid sequence is then used to derive 

of a therapeutic protein, combinations of therapeutic pro- possible corresponding genomic sequences, enabling one to 

teins and antisense RNAs, etc. In addition to its utility for the design a degenerate PCR primer pair which can be used to 

expression of multiple heterologous genes, the packaging of amplify the specific cellular sequence. This amplified 

subgenomic mRNAs into virions also enables this vector 40 sequence is then cloned using standard techniques known in 

system for the transfer of extremely long heterologous the art, to obtain a discreet region of the gene encoding this 

sequences. Furthermore, this multipartite approach is useful inhibitory protein. Determination of the nucleotide sequence 

in the development of producer cell lines, wherein replicase of this clone then enables one to design a vector which will 

proteins and structural proteins are being stably expressed, integrate specifically within this Sindbis inhibitory gene by 

and any heterologous gene contained within a subgenomic 45 homologous recombination, and "knock out" its capacity to 

vector could then be readily introduced as a stable integrant. express a functional protein. Cell clones which contain the 

Example 7 knock out sequence are identified by insertion of a selectable 

marker into the discreet cloned region of the inhibitory 

CONSTRUCTION OF ALPHAVIRUS protein, prior to transfecting cells with the vector 

PACKAGING CELL LINES 50 A second method for disabling this Sindbis virus inhibi- 

A. SELECTION OF PARENT CELL LINES FOR tory protein involves the treatment of Aedes albopictus- 

ALPHAVTRUS PACKAGING CELL LINE DEVELOP- derived packaging cells with a mutagen, for example, 

MENT BUDR (5-bromodeoxyuridine). The mutagenized packaging 

1. PERSISTENTLY OR CHRONICALLY INFECT- cell line population is then transfected or transduced with a 

ABLE CELLS 55 Sindbis vector, which is able to express the neomycin 

An important criteria in selecting potential parent cell resistance marker. Under high concentrations of the G418 

fines for the creation of alphavirus packaging cell lines, is drug, only those cells producing large amounts of Sindbis 

the choice of cell lines that exhibit little or no cytopatho- vector, and thus unable to express the Sindbis inhibitory 

logical effects, prior to the appropriate production of gene, will be able to survive. After selection, resistant 

alphavirus vector particles. This criteria is essential for the 60 colonies are pooled, dilution cloned, and tested for high titer 

development of an alphavirus vector producer cell line Sindbis production. 

which can be propagated for long periods of time and used 2. MODIFICATION OF CELLS TO DECREASE SUS- 

as a stable source of vector. It is known that alphavirus CEPTIBILITY TO ALPHAVIRUS EXPRESSION: SUP- 

infection of most mammalian cells results in cytopathology PRESSION OF APOPTOSIS AND CYTOPATHOLOGY 
and lysis of the cell. However, the derivation of packaging 65 Packaging cell lines may also be modified by overex- 

cells from various insect cell lines may circumvent this pressing the bcl-2 gene product in potential parent cell lines, 

problem. For example, insect cell lines, such as Aedes such as canine D-17 and Cf2; human HT1080 and 293; quail 



5,814,482 

99 100 

QT-6; baby hamster kidney BHK-21; mouse neuroblastoma ptosis. For example, the DNA tumor viruses, including 
N18; and rat prostatic adenocarcinoma AT-3. The conversion adenovirus, HPV, SV40, and mouse polyomavirus (Py), 
of these cells to a persistently infectable state allows for their transform cells in part, by binding to, and inactivating, the 
use as alphavirus packaging and producer cell lines, similar retinoblastoma (Rb) gene product pl05 and its closely 
to those of retrovector producer lines. 5 related gene product, pl07, and other gene products 
In order to construct such packaging cells, a bcl-2 expres- involved in the control of the cell cycle including cyclin A, 
sion vector is constructed by using standard recombinant p33 cdM2 and p34 c ' fc2 . All of these viruses, except for Py, 
DNA techniques in order to insert the 910 base pair Eco RI encode gene products which bind to and inactivate p53. 
cDNA fragment derived from the plasmid p84 (Nature Uniquely, Py encodes middle T antigen (ml) which binds to 
336:259) into any commercially available expression vector 10 and activates the membrane tyrosine kinase, src, and also 
containing a constitutive promoter and encoding a selectable phosphatidylinositol-3-kinase, which is required for the full 
marker, for example, pCDNA3 (Invitrogen, San Diego, transformation potential of this virus (Talmage et aL, Cell 
Calif.). Careful consideration must be taken to avoid any 59:55-65, 1989). The binding to and inactivation of the Rb 
type of homology between alphavirus nucleic acid and p53 recessive oncogene products prevents cells trans- 
sequences and other transduced vectors. This precaution is formed by these DNA tumor viruses from entering the 
should be taken in order to prevent recombination events apoptotic pathway. It is known that p53 is able to halt the 
which may lead to undesirable packaging of selectable division of cells, in part by inhibiting the expression of 
markers or the bcl-2 oncogene in recombinant Sindbis proteins associated with cellular proliferation, including 
particles. This is an important point, since the alphavirus c-fos, hsc70, and bcl-2 (Miyashita et aL, Cancer Research 
vector system described herein is designed for use as a 20 54:3131-3135,1994). 

biological therapeutic. Once the bcl-2 expression vector is In order to extend the duration of alphavirus vector 
constructed, the parent cell line (i.e., BHK-21 cells) is production, or to promote a persistently infectable state, 
transfected using any standard technique and selected after packaging and producer cells are transformed with viral 
24 hours using the appropriate marker. Resistant colonies genomic DNA from Py or SV40. In particular, SV40 and Py 
are pooled, followed by dilution cloning, and then individual 25 transformed cell lines are established, and the kinetics and 
clones are propagated and screened for bcl-2 expression. level of Sindbis production and cytopathology after viral 
Once expression is verified, persistent Sindbis infection is infection determined. If apoptic events characteristic of 
tested, followed by its use as a parent cell line for alphavirus Sindbis proliferation in hamster cells are diminished, each 
packaging cell line development. prototype alphavirus packaging and producer cell line sub- 
Other gene products, in addition to the bcl-2 oncogene, 30 sequendy is transformed with Py or SV40, in order to 
which suppress apoptosis may likewise be expressed in an increase the yield of packaged vector from these cells, 
alphavirus packaging or producer cell line. Three viral genes 3. MODIFICATION OF CELLS TO DECREASE SUS- 
which are particularly preferred include: the adenovirus E1B CEPTIBILITY TO ALPHAVIRUS EXPRESSION: PRO- 
gene encoding the 19-kD protein (Rao et al., PNAS DUCTION OF ACTIVATION-DEPENDENT VECTOR 
89:7742-7746, 1992), the herpes simplex virus type 1 2 34.5 35 PARTICLES 

gene (Chou and Roizman, PNAS 89:3266-3270, 1992), and The Sindbis E2 glycoprotein is synthesized as a precursor, 

the AcMNPV baculovirus p35 gene (Clem et al., Science PE2. This PE2 precursor along with the second viral 

254:1388-1390, 1991). These individual genes may be glycoprotein, El, associate in the endoplasmic reticulum and 

inserted into any commercially available plasmid expression are processed and transported to the infected cell membrane 

vectors, under the control of appropriate constitutive eukary- 40 as a heterodimer for virion incorporation. At some point 

otic transcriptional promoters, and also containing a select- during this processing, PE2 is cleaved into E3 and the 

able marker, using standard techniques. The expression mature virion glycoprotein E2. E3 is the 64 amino-terminal 

vector constructs are subsequently transfected into cell lines residues of PE2 and is lost in the extracellular void during 

as described above, and the appropriate selection is applied. maturation. The larger cleavage product, E2, is associated 

Selection for stable integration of these genes and constitu- 45 with El and anchored in what becomes the viral envelope, 

tive expression their products should allow for more Host cell protease(s) is responsible for processing of the PE2 

extended vector production in cell lines found to be suscep- precursor, cleaving at a site that immediately follows a 

tible to alphavirus-induced apoptotic events. In addition, it is highly conserved canonical four amino acid (aa) residue 

feasible that each gene product inhibits apoptosis by its own motif, basic -X-basic-basic aa's. A mutant cell line derived 

unique mechanism. Therefore, the genes may also be intro- so from the CHO-K1 strain, designated RPE.40 (Watson et al., 

duced into packaging or producer cell lines in various /. Virol 65:2332-2339, 1991), is defective in the production 

combinations in order to obtain a stronger suppressive effect. of Sindbis virus strain AR339, through its inability to 

Finally, other gene products having similar effects on apo- process the PE2 precursor into the E3 and mature E2 forms, 

ptosis can also be readily incorporated into packaging cell The envelopes of Sindbis virions produced in the RPE.40 

lines as they are identified. 55 cell line therefore contain a PE2/E1 heterodimer. RPE.40 

In the derivation of alphavirus vector packaging and cells are at least 100-fold more resistant to Sindbis virus 

producer cell lines, many approaches are outlined to control infection than the parental CHO-K1 cells, suggesting an 

the expression of viral genes, such that producer cell lines inefficiency in the ability of PE2 containing virions to infect 

stably transformed with both vector and vector packaging these cells. The defective virions produced by the RPE.40 

cassettes, can be derived. These approaches include indue- 60 cell line can be converted into a fully infectious form by 

ible and/or cellular differentiation sensitive promoters, anti- treatment with trypsin. 

sense structural genes, heterologous control systems, and In packaging and producer cell lines, any wild-type 
mosquito or other cells in which viral persistent infections alphavirus that is produced by recombination between vec- 
are established. Regardless of the final configuration for the tor and structural protein gene RNAs will re-infect cells and 
alphavirus vector producer cell line, the ability to establish 65 be rapidly amplified; thus, significantly contaminating and 
persistent infection, or at least delay cell death as a result of decreasing the titer of packaged vector preparations. Pack- 
viral gene expression, may be enhanced by inhibiting apo- aging and producer cells developed from the RPE.40 line are 



5,814,482 

101 102 

an alternative to other cell lines permissive for alphavirus ligated with the purified pKSSINBV-linker vector fragment 
infection due to the inefficient amplification of any wild-type to generate a plasmid designated pd5 ? -BVlinker. Plasmid 
virus generated during vector production and packaging. pdS'-BVlinker is subsequently digested with Xho I, the 
Thus, vector preparations are not significantly contaminated termini made blunt using Klenow fragment enzyme and 
with wild-type virus. Furthermore, the benefits of this sys- 5 dNTft, and ligated with the previously purified VSV-G 
tem are extended to other packaging and producer cell lines fragment. The resulting construct, containing the expression 
by developing "knock-out" mutants in their analogous eel- cassette elements HDV antigenomic ribozyme/Sindbis 
hilar protease(s), using techniques known in the art. 5'-end 299 ntsJSindbis junction region/VSV-G protein gene/ 
4. HOPPING CELL LINE DEVELOPMENT Sindbis 3'nend untranslated region, is designated as plasmid 
Alphavirus hopping cell lines, as discussed previously, are 10 pdS'-BV-G. Insertion of this VSV-G gene cassette into the 
used transiently to produce infectious RNA vector particles pcDNA3 vector is as follows. Plasmid pd5VBV-G is 
which have been pseudotyped for a different cellular recep- digested with the enzymes Pme I and Apa I, and the termini 
tor tropism. Once the bopping cell line produces vector are made blunt by the addition of T4 DNA polymerase and 
particles, it is no longer required because only the infectious dNTTfc. The entire 25 kb VSV-G protein gene cassette is 
culture supematants are needed to transduce the original 15 purified in a 1% agarose gel. Plasmid pcDNA3 is digested 
alphavirus packaging cell lines discussed above. Therefore, with the enzymes Hindlll and Apa I and the termini are 
the hopping cell line need not exhibit persistent infection by made blunt by the addition of T4 DNA polymerase and 
alphavirus in order to transiently produce vector particles. In dNTF^, and the 5342 bp vector is purified in a 1% agarose 
this instance, the parent cell line can be either an insect cell gel. The two purified, blunt-end DNA fragments are subse- 
line that exhibits persistent infection, or a mammalian cell 20 quently ligated, and the resulting VSV-G protein gene 
line which is likely to lyse within 24—72 hours after a expression cassette vector is known as plasmid pCMV/ 
productive alphavirus infection. The only criteria is that the d^VSV-G. Further modifications of the VSV-G expression 
cell lines are able to express either VSV-G protein, with or cassettes pVGELVISdl-G and pCMV/d5* VSV-G to substi- 
without the appropriate alphavirus structural proteins, or tute other selectable markers, for example hygromycin resis- 
retro viral gag-pol and env protein without affecting cell 25 tance or E. coli gpt, for the current neomycin resistance, or 
growth prior to introduction of the alphavirus RNA vector. other promoter elements, for example Drosophilia metal- 
Therefore, the alphavirus hopping cell line can be any of the lothionein or hsp 70, for the current CM V, MuLV, and SV40 
aforementioned parent cell lines able to support either promoters, may be readily accomplished given the disclo- 
alphavirus or retroviral replication, without the additional sure provided herein. 

cell modifications discussed previously, such as bcl-2 onco- 30 In a first VS V-G/alphavirus hopping cell line 

gene expression. configuration, VSV-G expression cassette plasmid DNA 

The generation of VSV-G pseudotyped alphavirus vector (pVGELVISdl-G or pCMV/dSVSV-G, or modified ver- 
p articles can be accomplished by at least three alternative sions thereof) is transfected into the appropriate cell type 
approaches, two of which are dependent on the stable (for example, BHK-21 cells) and selection for G418 resis- 
integration of a VSV-G expression cassette into cells. 35 tance is applied using media containing 400 g/ml of G418 as 
VSV-G protein is known to be highly cytotoxic when described elsewhere in this example. G418- resistant cells 
expressed in cells. Therefore, synthesis of this protein by the are cloned by limiting dilution and the individual cell lines 
expression cassette is controlled by an inducible promoter. expanded for screening. VSV-G expressing cell lines are 
Specifically, a DNA fragment containing the VSV-G protein detected by transfection with any nonstructural protein gene- 
gene is isolated from plasmid pLGRNL(Emi et al., J. ViroL 40 containing RNA vector (see Example 3) to induce the 
65:1202-1207, 1991) by digestion with Bam HI, the termini VSV-G expression cassette, followed by immunofluo res- 
made blunt using Klenow fragment enzyme and dNTPs, and cence using polyclonal rabbit anti-VSV antibody as 
the 1.7 kb fragment purified from a 1% agarose gel. Plasmid described (Rose and Bergmann, Cell 34:513-524, 1983). 
vector pVGELVIS-SINBV-linker (from Example 3), is The stably transfected VSV-G expressing cell line, in some 
digested with the enzyme Bsp EI to remove Sindbis non- 45 cases, is subsequently transfected with plasmid expression 
structural protein coding sequences nts. 422-7054, and the cassettes) which express one or more Sindbis structural 
remaining vector is re-ligated to itself to generate plasmid proteins (described elsewhere in this example). For the 
pVGELVISdlNSP-BV- linker. This plasmid is then digested production of VSV-G pseudotyped alphavirus particles, the 
with Xho I and the termini made blunt using Klenow appropriate vector RNA is transfected into the VSV-G 
fragment enzyme and dNTPs. The previously purified 50 hopping cell line, and vector particle-containing superna- 
VSV-G fragment is subsequently ligated with this vector tants are recovered at least 24 hours post-transfection. 
DNA, and resulting clones are screened for proper VSV-G In a second VSV-G/alphavirus hopping cell line 
insert orientation. This pVGELVIS-based VSV-G expres- configuration, VSV-G expression cassette DNA 
sion construct, in which VSV-G synthesis is controlled by a (pVGELVISdl-G or pCMV/d5 , VSV-G, or modified ver- 
Sindbis replicon-inducible junction region, is designated 55 sions thereof) is transfected into previously derived alphavi- 
pVGELVISdl-G. rus packaging cell lines (described elsewhere in this 

Alternatively, a similar Sindbis replicon-inducible VSV-G example) and the appropriate selection is applied as 

expression cassette may be generated in the antisense con- described previously. The selected cells are cloned by lim- 

figuration. In particular, plasmid vector pKSSINBV-linker iting dilution and the individual cell lines expanded for 

(described in Example 3) is digested with the enzymes Apa so screening. VSV-G expressing cell lines are detected by 

I and Bam HI to most of the Sindbis nonstructural protein transfection with any nonstructural protein gene-containing 

coding region, and the resulting 3309 bp vector fragment is RNA vector (see Example 3) to induce the VSV-G expres- 

purified from a 1% agarose gel In addition, plasmid pd5- sion cassette, followed by immunofluorescence using poly- 

26s (described in section B.3., this example) also is digested clonal rabbit anti-VSV antibody as described (Rose and 

with the enzymes Apa I and Bam HI. The resulting 400 bp 65 Bergmann, Cell 34:513-524, 1983). For the production of 

fragment which contains the HDV ribozyme/Sindbis 5' -end VSV-G pseudotyped alphavirus particles, the appropriate 

fusion is purified from a 1% agarose gel and subsequently vector RNA is transfected into the VSV-G hopping cell line, 
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and vector particle-containing supernatants are recovered at 1.5 ml tubes (Fisher Scientific, Pittsburgh, Pa.) and mixed 

least 24 hours post-transfection. with 10 5 Plaque Forming units (PFU) of Sindbis virus and 

In a third VSV-G/alphavirus hopping cell line incubated at 37° C. for 1 hour. After incubation the tubes are 

configuration, VSV-G expression cassette DNA is placed on ice 

cc^transfected with the appropriate vector RNA into previ- s i„ order to identify the parent cell line host from which an 

ously derived alphavuus packages cell lines (described k resistant to humail xtum nactivrton, the 

elsewhere in this example). Supernatants containing i_ * • *■ . j _i- , , . , 

• . , . i j.i non-heat inactivated serum, medium, and heat-mactivated 

pseudotyped vector particles are recovered at least 24 hours . , , , " 

nost-transfection serum virus preparations are titered by plaque assay on BHK 

For the pseudotyping of alphavirus vectors in retroviral celk - E^da* titers regardless of incubation with 

packaging cell lines, any ceil line referenced in the literature, 10 n0Q - heat inactivated serum, medium, or heat-mactivated 

which expresses retroviral gag-pol and env sequences, may serum, are indicative of parent cell line hosts from which 

be used to package alphavirus RNA vector that has been Sindbis virus is resistant to human complement inactivation. 

engineered to contain a retroviral packaging sequence. The B. STRUCTURAL PROTEIN EXPRESSION CON- 

retrovirus psi packaging sequence is inserted between the STRUCTS 

inactivated junction region and a synthetic junction region 15 i. INDUCIBLE AND CONSTITUTIVE STRUCTURAL 
tandem repeat, such that only genomic-length vector, and PROTEIN VECTOR EXPRESSION CASSETTES 
not subgenomic RNA, is packaged by the retroviral enve- ~- , . . - . . . . . „ 
t * • n . • , . j . • , . . . , . The development of alphavirus packaeine cell lines is 
lope proteins. Retroviral-based particles containing alphavi- , , 4 \ . , ... , r . ft^f . tt , 
ruTvector RNA are produced by transfecting in vitro Iran- f^ndent on the ability to synthesize high intracellular 
scribed alphavirus vector RNA using procedures that have 20 £ ^necessary structund [ proteins: cap^d, pE2 
been described previously. Supernatants with pseudotyped * nd/or ^ and . E1 ' Unfortunately, high level expression of 
retroviral particles containing alphavirus RNA vector are these proteins, in particular, the envelope glycoproteins E2 
harvested at 24 hours post-transfection, and these superna- aDd t E1 > may L le ?? to f )ncoimtant Cytopathology and even- 
tants are then used to transduce an alphavirus packaging cell mal Therefore sti^ctural protein expression cas- 
ing -o— o ^ settes have been designed with inducible regulatory ele- 

5. IDENTIFICATION OF PARENT CELL LINES ments ****** 00111101 me Ievek of & ene expression m 

WHICH PRODUCE ALPHAVIRUS RESISTANT TO addltl0n to others which maintain constitutive levels of 

INACTIVAnON BY HUMAN COMPLEMENT expression. 

Successful intravenous administration of recombinant In a first configuration, expression of the alphavirus 

alphavirus particles requires that the vector is resistant to 30 structural proteins is under control of the RSV LTR, in 

inactivation in serum. It is well known to those skilled in the conjunction with the inducible lac operon sequences. This is 

art that Sindbis grown on BHK cells is sensitive to achieved by insertion of alphavirus cDNA corresponding to 

inactivation, in terms of effective virus titer. In order to me structural protein genes into the pOP13 and 

identify parent cell lines which produce Sindbis particles pOPRSVl vectors (Stratagene). These vectors, used 

which are resistant to inactivation by human complement, 35 separately, are co-transfected with the p3'SS vector 

the level of serum inactivation of Sindbis virus grown on (Stratagene), which expresses the lac repressor "i" protein, 

multiple cell types is tested. The cell types tested are derived m me absence of inducer, for example, Isopropyl-B-D- 

from many species, including human, for example, 293 or thiogalactopyranoside (IPTG), the basal, or constitutive, 

HT1G80 (ATCC No. CCL 121). * eve l °* expression of a hiciferase reporter gene has been 

As a source of human complement, approximately 70 mis 40 re P orted to 10-20 copies per cell. Addition of IPTG, 

of blood are collected from patients into serum separating results in a conformational change of the repressor protein, 

tubes (Becton Dickinson, Los Angeles, Calif.). The blood is which results in decreased affinity of the lac i protein for 

allowed to clot for one half hour at room temperature. After lac-operator sequences, permitting high level expression of 

clotting the serum is centrifuged at 2000 g for 10 minutes at ^ heterologous gene. Induction levels in the presence of 

4° C. The serum is collected and placed into a 15 ml corneal 45 IPTG of °5-fold have been reported for heterologous genes 

tube (Coming, Corning, N.Y.) and placed on ice. contained in the pOP13 vector. 

Approximately, 1.1 ml aliquots of the serum are placed in 2 Specifically, the Sindbis structural protein gene (SP) 

ml cryovials, frozen in a dry ice/ethanol bath and stored at cDNA is inserted into the pOP13 and pOPRS VI vectors as 

-70° C. for subsequent serum inactivation assays. Comple- follows. The SP coding region is amplified in to to with a 

ment inactivated controls are prepared by heat inactivation 50 primer pair whose 5 ( ends map, respectively, to the authentic 

of control aliquots for 30 minutes at 56° C. AUG translational start and UGA translational stop sites, 

To test Sindbis for serum inactivation, two vials contain- including the surrounding nucleotides corresponding to the 
ing 1.1 ml of 100% non-heat inactivated human serum are Kozak consensus sequence for efficient translational initia- 
lised for various virus preparations. One vial of serum is lion at Sindbis nt 7638. The forward primer is complemen- 
quick thawed at 37° C. The serum is then heated to 56° C. 55 tary to Sindbis nts 7638-7661, and the reverse primer is 
for 30 minutes to heat inactivate complement present in the complementary to Sindbis nts 11384-11364. PCR ampli- 
serum. Following inactivation the serum is placed on ice. fication of Sindbis cDNA corresponding to the structural 
The second vial is quick thawed at 37° C. After thawing the protein genes is accomplished by a standard three- 
serum is placed on ice. temperature cycling protocol, using the following oligo- 

Approximately, 1.0 ml of the non-heat inactivated serum, 60 nucleotide pain 

medium, and heat-inactivated serum are placed in separate Forward primer (7638 F): 



5'-TAXATGCX}GCCXK)A(XACCACCArc 
(SEQ. ID NO. 74) 
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Reverse primer (11384R): 



5'-rAiAiXjcaGCCGcixxiX7iixarixm}crAcrix^G-3' 

(SEO. ID NO. 75) 



In addition to their respective complementarities to the 
indicated Sindbis nts, a 5 nucleotide "buffer sequence" 
followed by the Not I recognition sequence is attached to the 
5* ends of each primer. Following PCR amplification, the 
3,763 bp fragment is purified in a 1% agarose gel, then 
subsequently digested with the Not 1 enzyme. The resulting 
3,749 bp fragment is then ligated, separately, into the pOP13 
and pOPRSVl vectors, which are digested with Not I and 
treated with calf intestine alkaline phosphatase. These 
expression cassette vectors, which contain the entire coding 
capacity of the Sindbis structural proteins are known as 
pOP13-SINSP and pOPRSVl^SINSP. 

Variations of the lac operon-Sindbis structural protein 
gene expression cassettes also can be constructed using 
other viral, cellular or insect-based promoters. Using com- 
mon molecular biology techniques known in the art, the lac 
operon and the RSV LTR promoter, or just the RSV LTR 
promoter, sequences can be switched out of the Stratagene 
pOP13 and pOPRSVl vectors and replaced by other pro- 
moter sequences, such as the cytomegalovirus major imme- 
diate promoter (pOPCMV-SINSP); the adenovirus major 
late promoter (pOPAMLP-SINSP); the SV40 promoter 
(pOPSV-SINSP): or insect promoter sequences, which 
include the Drosophila metallothionein inducible promoter 
(pMET-SINSP), Drosophila actin 5C distal promoter 
(pOPA5C-SINSP), heat shock promoters HSP65 or HSP70 
(pHSP-SINSP), or the baculovirus polyhedrin promoter 
(pPHED-SINSF). 

2. MODIFICATION OF CASSETTES TO INCREASE 
PROTEIN EXPRESSION LEVELS 

Alphavirus structural protein expression can be increased 
if the level of mRNA transcripts is increased. Increasing the 
level of mRNA transcripts can be accomplished by modi- 
fying the expression cassette such that alphavirus nonstruc- 
tural proteins recognize these transcripts, and in turn, rep- 
licate the message to higher levels. This modification is 
performed by adding the wild-type minimal junction region 
core (nucleotides 7579 to 7602) to the extreme 5'-end of the 
Sindbis structural protein coding region, prior to the first 
authentic ATG start site for translation and inverting the 
expression cassette in the vector, so as to produce antisense 
structural protein gene transcripts. This can be accomplished 
by following the same PCR amplification technique 
described above for placing the Sindbis structural protein 
cDNA into the pOP13 and pOPRSVl expression vectors. 
The only modification to this procedure is the replacement 
of the 7638F forward primer with a similar primer that 
includes junction region core nucleotides 7579—7602 
between the Not I restriction enzyme site and the first ATG 
of the coding region as follows: 
Forward primer (JUN7638F): 
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pOPRSVl vectors which are digested with Not I and treated 
with calf intestine alkaline phosphatase. The resulting 
expression cassette vectors are known as pOP13-JUNSINSP 
and pOPRSVl-JUNSINSP. However, it must be stated that 
5 the introduction of junction region sequences into the struc- 
tural protein expression cassettes will introduce sequences 
which may possibly lead to undesirable recombination 
events, leading to the generation of wild-type virus. 

3. INDUCIBLE EXPRESSION OF STRUCTURAL 
PROTEINS VIA ALPHAVIRUS VECTOR 

Because of potential cytotoxic effects from structural 
protein expression, the establishment of inducible packaging 
cell lines which express even modest basal levels of these 
proteins may not always be preferred. Therefore, packaging 
cell line expression cassettes are constructed which contain 
regulatory elements for the high level induction of structural 
protein synthesis via nonstructural proteins supplied in trans 
by the alphavirus vector, but with no basal level of synthesis 
until appropriately stimulated. 

In this configuration, a structural protein gene cassette is 
constructed, whereby transcription of the structural protein 
genes occurs from an adjacent alphavirus junction region 
sequence. The primary features of this cassette are: an RNA 
polymerase II promoter positioned immediately adjacent to 
alphavirus nucleotide 1, such that transcription initiation 
begins with authentic alphavirus nucleotide 1, the 5'-end 
alphavirus sequences required for transcriptase recognition, 
the alphavirus junction region sequence for expression of the 
structural protein gene mRNA, the alphavirus structural 
protein gene sequences, the 3'-end alphavirus sequences 
required for replication, and a transcription termination/ 
polyadenylation sequence. Because of an upstream open- 
reading frame which ends in translation termination codons 
prior to the AUG start site of the structural protein genes, 
expression of the alphavirus structural proteins can occur 
only after the synthesis of minus-strand RNA by vector- 
supplied nonstructural proteins, followed by the subsequent 
transcription of a structural protein gene mRNA from the 
junction region. Therefore, the inducibility of this system is 
dependent entirely on the presence of nonstructural proteins, 
supplied by the alphavirus vector itself, introduced as either 
RNA transcribed in vitro, or cDNA positioned downstream 
of an appropriate promoter element. In addition, the 5'- and 
3'-end alphavirus sequences allow for this RNA transcript of 
the structural protein gene cassette to be amplified by the 
same vector-supplied nonstructural proteins (see FIG. 11). 

Specifically, the construction of a positive-sense, vector- 
inducible Sindbis packaging cassette is accomplished as 
follows. Briefly, the p VGELVIS vector described previously 
is digested with the enzyme Bsp EI to remove nucleotides 
422 to 7054, including most of the nonstructural gene coding 
sequences, and the remaining 9925 bp fragment is purified 
in a 0.8% agarose gel, and subsequently re-ligated to itself 
to generate the construct known as pLTR/SindHBspE (FIG. 
U). This deletion leaves the 5'-end authentic translation start 
codon at nts 60-62 intact, and creates in-frame downstream 
UAA and UGA stop codons at nts 7130-7132 and 



5 -TArATGaXiCCGCAITnX^ 
(SEQ. ID NO. 76) 



Following PCR amplification, the resulting 3,787 bp 
fragment is purified in a 1% agarose gel, then subsequently 65 
digested with the Not I enzyme. The resulting 3,773 bp 
fragment is then ligated, separately, into the pOP13 and 



7190-7192 (original numbering), respectively, thus prevent- 
ing translation of the downstream structural protein gene 
open-reading frame. The pLTR/SindlBspE packaging cas- 
sette construct is subsequently transfected into BHK cells 
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(ATCC #CCL 10) and transfectants are selected using the SinMCSI: 
G418 drug at 400 ug/ml and cloned by limiting dilution. 

After expansion of the transfected clonal lines, screening for 5 '^TCATCGArx^G Aixnx> actagttg-3' (seq. id no. 77) 

packaging activity is performed by transfection of Sindbis- 

luciferase (Sin-luc) vector RNA as described previously. The 5 SinMCSD: 

data shown in FIG. 12 demonstrate that transfection of 

Sin-luc vector RNA into several of these clonal LTR/ ' • 

SindlBspE packaging cells results in the production of ^^M^nCAoncnuaaiaQAaoBaDS 
infectious Sindbis particles containing the Sin-luc RNA, as 



the recovered supernatants are shown to transfer Sin-luc 

vector RNA to fresh monolayers of BHK cells. 10 The resulting construct, known as pMCS-26s, is then 

A similar packaging construct can also be made using the modified to contain the 5'-end 299 nucleotides of Sindbis, 

pVG-ELVISd clone (described previously) as initial mate- fused to an 84 nucleotide ribozyme sequence from the 

rial for creation of the Bsp EI deletion. In this clone, the antigenomic strand of hepatitis delta virus (HDV) (Nature 

Sindbis 3'-end sequence is followed by a catalytic ribozyme 350:434), using overlapping PCR amplification. Two primer 

sequence to allow more precise processing of the primary 15 pairs are used initially in separate reactions, followed by 

transcript adjacent to the 3'-end sequences of Sindbis. In their overlapping synthesis in a second round of PCR. In 

addition, a wide variety of variations of these packaging reaction #1, the forward primer (HDV49-XQ is comple- 

cassette ^constructions can be made given the disclosure mem lo H DV genome nucleotides 823^859, and the 

provided herein, including for example, the substitution of „, uiirej , ~ m „ mnvn^ • . , urwr 

other RNA polymeraseTromoters for the current MuLV 20 Zl^S^ complementary to HDV 

LIKtheaddSionof lor more nucleotides between the RNA iorwajxl w^r f HD V^^D * 

polymerase promoter and the first Sindbis nucleotide, the ' 

substitution of other ribozyme processing sequences, or the 

substitution of a non-Sindbis-encoded open reading frame 5 -ACTTATCGAiTxnTCTAOAC^ 

upstream of the structural protein gene sequences, which 25 TGanTOCiTXTTC-S' (seq. id no. 79) 



may or may not retain the 5 f -end Sindbis sequences required 
for transcriptase recognition. Furthermore, these constructs Reverse primer (HDV17-68V 
can be transfected into other cell lines, as discussed previ- 
ously 



In another vector-inducible packaging configuration, 30 5*-Ttx^<XTCCTCG03GTTX^ 

expression cassettes contain a cDNA copy of the alphavirus CACcrrccACT-3' (SEQ. id no. 80) 

structural protein gene sequences flanked by their natural ^ ' 

junction and 3'-untranslated regions, and are inserted into an ^ addition to their respective complementarities, primer 

expression vector m an orientation, such that primary tran- HDV49-XC contains flanking Xba I and da I recognition 

scription from the promoter produces antisense structural 35 sequences at the 5'-end. PCR amplification of HDV 

protein gene RNA molecules. Additionally, these constructs sequences is accomplished by a standard three-temperature 

contain, adjacent to the junction region, alphavirus S'-end cycling protocol with these primers and Vent polymerase. In 

sequences necessary for recognition by the viral reaction #2, the forward primer (SIN-HDV), which joins 

transcriptase, and a catalytic ribozyme sequence positioned precisely the HDV and Sindbis sequences, is complemen- 

immediately adjacent to alphavirus nucleotide 1 of the 40 ^ lo nucleotides 1-21 of Sindbis, and genomic nucle- 

5'-end sequence. As such, this ribozyme cleaves the primary otides 871-903 of HDV, and overlaps the sequence of 

RNA transcript precisely after the first alphavirus nucle- primer HDV17-68 (from above) by 20 nucleotides, and the 

otide. In this antisense orientation, the structural protein reverse primer (SIN276-SPE) is complementary to Sindbis 

genes cannot be translated, and are dependent entirely on the nucleotides 299-276, with sequences as follows: 

presence of alphavirus virus nonstructural proteins for tran- 45 Forward primer (SIN-HDV): 
scription into positive-strand MRNA, prior to their expres- 
sion. These nonstructural proteins again are provided by the 



alphavirus vector itself. In addition, because this configura- y-TCGGACXXKX}AGGACKnxx}AGATGC^ 

tion contains the precise alphavirus genome 5'- and 3'-end cggcgtagtacacact j (seq. id no. 81) 

sequences, the structural protein gene transcripts undergo 50 

amplification by utilizing the same nonstructural proteins Reverse primer (SIN276-SPE): 
provided by the alphavirus vector. 

Specifically, the Sindbis structural protein gene cDNA is ___ 

removed from the genomic clone pVGSP6GEN and inserted 5 '<nxKj actagttaatactggtxkjitxk^ aaaacattct- 

into the pcDNA3 (Invitrogen Corp., San Diego, Calif.) 55 (seq. id no. 82) 

expression vector as follows. First, plasmid pVGSP6GEN is 

digested with the enzymes Apa I and Bam HI to remove all In addition to their respective complementarities, primer 

Sindbis sequences through nucleotide 7335, including the SIN276-SPE contains a flanking UAA translation termina- 

genes encoding nonstructural proteins 1, 2, 3, and most of 4. tion codon and Spel recognition sequence at its 5* end. PCR 

The remaining 7285 bp vector fragment, which contains the 60 amplification of the fragment containing Sindbis 5'-end 

Sindbis structural protein genes, is purified in a 0.8% sequences fused to HDV ribozyme sequences is accom- 

agarose gel, and subsequently ligated with a polylinker plished by a standard three-temperature cycling protocol, 

sequence, called SinMCS, that is obtained by annealing two using Vent polymerase, these primers, and pVGSP6GEN 

synthetic oligonucleotides. The oligonucleotides, SinMCSI plasmid as template. After the first round of PCR 

and SinMCSII, contain the recognition sites for Cla I, Bgl n, 65 amplification, V6oth of the total amounts from each of 

and Spe I, and have Apa I and Bam HI ends after annealing. reaction #1 and reaction #2 is combined and used as tem- 

Their sequences are as follows: plate in a second round of PCR amplification with additional 
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input of primers HDV49-XC and SIN276-SPE and a stan- Forward primer (Sin7632F): 
dard three-temperature cycling protocol. Following the sec- 
ond round of PCR, the 414 bp amplicon is purified with the 



MERMAID KIT (BiolOl, La Jolla, Calif.), and digested y^rrcAAGcnraAGCiA^CACCACCAO^i^AAiAGAG-S' 

with the enzymes Clal and Spel. The digested amplicon is 5 ( SEQ - m NQ - 

purified in a 1% agarose gel, and subsequently ligated into 

plasmid pMCS-26s, which also is digested with Clal and Reverse primer (Sin8439R): 
Spel and purified in a 1% agarose gel. The resulting 

construct, containing the expression cassette elements HDV 

a ntigenomicnTx)2 y me/Sindbis5^Dd299ntVSi n dbisjuiic. 10 «*™cia^ 

tion region/Sindbis structural protein genes/Sindbis 3'-end . 

untranslated region, is known as pd5'26s. 

Insertion of the structural protein gene cassette from 1x1 action to their respective complementarities, the for- 

pd5'26s into the pcDNA3 vector is performed as follows. ward primer contains Nhe I and Hindlll recognition 

Plasmid pd5'26s is digested with the enzyme Xba I and the is ffSJf ncc f 55 and ^ reverse V™*™ C0Dtains 

3'-recessed ends are made blunt by the addition of Klenow and UAA translation stop codons and a Xho I recog- 

enzyme and (INTO. The entire 4798 bp structural protein m * on ^f^ 1 * ♦ ^P^f on * accomplished 

gene cassette is purified in a 1% agarose gel. Plasmid 3!f^ 

nxiA^ j* * j -.l .i. it- jiti j a t j resulting amplicon is digested with the enzymes Nhe I and 

pcDNA3 is digested with the enzymes Hindin and Apa I and xho , ^ in a f % ^ d Expression plasmid 

the ends are made blunl Uby the addition of T4 DNA 20 pMAM (ci ontec h), which contains a dexamethasone- 

polymerase enzyme and dNTPs, and the 5342 bp vector is inducible MMTV LTR promoter sequence, is digested with 

purified m a 1% agarose gel. The two purified, blunt-end the enzymes Nhe I and Xho I and the plasmid DNA purified 

DNA fragments are subsequently ligated, and the resulting in a 1% agarose geL The capsid protein gene fragment is 

structural protein gene expression cassette vector is known ligated into the pMAM vector, and the resulting construct is 

as pCMV-dSTos (see FIG. 11). Transfection of this DNA 25 known as pMAM/C. Plasmid pMAM/C is transfected into 

into cells and selection for G418 resistance is performed as the appropriate cell line (for example BHK-21) as described 

previously described. previously and selection for stable transfectants is accom- 

Modifications of the CMV promoter/antisense-Sindbis plished by using HAT (hypoxanthine, aminopterin, 
structural protein vector also can be constructed using other thymidine) media, supplemented with dialyzed fetal calf 
viral, cellular, or insect-based promoters. Using common 30 serum, mycophenolic acid and xanthine, as described by 
molecular biology techniques know in the art, the CMV Mulligan and Berg (PNAS 78:2072-2076, 1981). HAT- 
p remoter can be switched out of the Invitrogen pcDNA3 selected cell lines expressing capsid protein are identified 
vector and replaced by promoters such as those listed following induction with 10~ 6 M dexamethasone by lysing 
previously. Other variation of this antisense packaging cas- the cells with Lammeli sample buffer, separating the p ro- 
sette may include, but are not limited to: the addition of 1 or 35 teins using 12% SDS-PAGE, blotting onto nitrocellulose 
more nucleotides between the first Sindbis nucleotide and membrane, and detecting by western blot using polyclonal 
the catalytic ribozyme, the use of longer or shorter HDV or rabbit an ti -Sindbis antibody. FIG. 21 shows expression of 
other catalytic ribozyme sequences for transcript processing, capsid protein in such cells, along with wild-type BHK-21 
the substitution of a precise transcription termination signal cells as a negative control, and Sindbis virus-infected BHK- 
for the catalytic ribozyme sequence, or the antisense expres- 40 21 cells as a positive control. 

sion of structural protein gene cassettes using any down- Alternatively, capsid protein is expressed using the lac- 
stream sequence recognized by an RNA polymerase which inducible vectors (Stratagene) described previously. The 
results in transcription of a structural protein gene mRNA. Sindbis capsid protein gene is amplified by PCR using 

Further, it should be noted that each of the vector- primers Sin7632F and Sin8439R (described previously), and 

inducible constructs described contains sequences homolo- 45 ligated with TA vector DNA (Stratagene). The resulting 

gous to the Sindbis vector itself. Therefore, the potential plasmid, designated TA/SinC, is digested with Eco RI, the 

exists for the generation of wild-type virus by recombination termini are made blunt by the addition of Klenow fragment 

between the two RNA molecules. Additional modifications enzyme and dNTPs, and the capsid protein gene purified 

may be made to eliminate this possibility as described from a 1% agarose gel. Plasmid vectors pOP13 and 

below. 50 pORSVl are digested with Not I, their termini made blunt 

4. SEPARATION OF STRUCTURAL PROTEIN by the addition of Klenow fragment enzyme and dNTPfe, and 

GENES TO PREVENT RECOMBINATION subsequently treated with calf intestinal alkaline phos- 

Packaging cell lines may also be generated which segre- phatase. The capsid protein gene is ligated with both pOP13 
gate the integration and expression of the structural protein and pORSVl vector DNA to generate the expression con- 
genes, allowing for their transcription as non-overlapping, 55 structs designated pOP13CAP and pORSVlCAP, respec- 
independent RNA molecules. For example, the expression of lively. Each plasmid is co-transfected with p3'SS into the 
capsid protein independently of glycoproteins E2 and El, or appropriate cell line as described previously, and selection 
each of the three proteins independent of each other, elimi- for stable transfectants is accomplished using G418 and 
nates the possibility of recombination with vector RNA and hygromycin selection. Cell lines expressing capsid protein 
subsequent generation of contaminating wild-type virus. 60 are identified following IPTG induction by immunofluores- 

Specifically, capsid protein is expressed independently cence using polyclonal rabbit anti-Sindbis antibody, 

from an inducible expression vector, such that sequences The glycoprotein genes, El and E2, are expressed 

which might result in recombination with vector RNA are together using one of the inducible systems previously 

eliminated. As an example, the capsid protein gene is described. For example, the Sindbis Epl and E2 genes are 

amplified from plasmid pVGSP6GEN with a primer pair 65 amplified from plasmid pVGSP6GEN using a primer pair 

complementary to nucleotides 7632-7655 (forward primer) complementary to Sindbis nucleotides 8440-8459 (forward 

and 8415-8439 (reverse primer), with sequences as follows: primer) and Sindbis nts 11,384-11,364 (reverse primer). 
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PGR amplification is performed using a standard three- by using any of the readily available cationic liposome 

temperature cycling protocol and the following oligonucle- formulations and procedures commonly known in the art At 

otide pair: 24 hours post-transfection, the cells are trypsinized and 

Reverse primer (1 1384R): reseeded in 100 mm dishes in 10 ml of optimal media, as 

5 described above, supplemented with 400 ug/ml of G418 

~~ 1^^^^^^^- t 01 ?**^) se,ect . e f °™ \*™? * s 10 7 

(SEQ. ID NO. 75) Colonies displaying resistance to the G418 drug are then 

pooled, dilution cloned, and propagated. Individual clones 

, , Q/1yintA are screened for high levels of Sindbis structural protein 

Forward pnraer (8440F): 10 express i 0D ^ functional packaging after transfection with 

Sindbis-luciferase vector RNA transcribed in vitro from Sad 

5'TxrATGCGGCCGCAC^^ linearized plasmid pKSSINBV-luc (see Example 3). 
cacg-3' (SEQ. id no. 85) Specifically, clonally-derived pLTR/SindEBspE transfected 
BHK-21 cells (referred to as LTR/SindlBspE or BK-Bsp 

i * *i_ • *• i •** *i_ c 15 cells) grown in 60 mm petri dishes are transfected with 2 ue, 

In addition to their respective complementarities, the for- r C - tT . v. <• * nxTA « , , , * 

ward primer contains ^-frame" AUG translation initia- of Smdbis-ruciferase vector RNAandoverlayed with 3 ml of 

turn codon, and both primers contain a NotI recognition T media <"* At ^ houre post-transfection, 

sequence at their 5'-ends. Following PCR amplification, the ^ supernatants are removed, and clarified by centnmgaUon 

amplicon is digested with the NotI enzyme and purified in a for 30 mm * at 3000 r ^ m m a S 0 ™ 11 RT6000B tabletop 

1% agarose gel. The resulting fragment is then ligated 20 centrifuge. In addition, the transfected cell monolayer is 

separately into the pOP13 and pOPRSVl vectors lysed m reporter lysis buffer (Promega) as described by the 

(Stratagene), digested with Not I and treated with calf manufacturer, and assayed for luciferase expression as 

intestinal alkaline phosphatase, as described previously. described previously. 

These glycoprotein expression vectors are used to transfect The transfer of luciferase activity (and thus functional 
cells that have been previously transfected with a capsid 25 packaging) is tested by using 1 ml of the above supernatants 
protein expression construct, and stable glycoprotein gene to infect fresh monolayers of BHK-21 cells in 60 mm dishes, 
transfectants are identified by selection for G418 and hygro- At 20 hours post-infection, the cell monolayers are lysed as 
mycin resistance. described above, and tested for luciferase expression. As 
Alternatively, the El and E2 glycoproteins are expressed shown in FIG. 12, three clones (#13, 18, and 40) produce 
under the control of the replicon-inducible junction region 30 packaged Sindbis-luciferase vector and are the first 
promoter, described previously. The ELVIS expression pi as- examples of alphavirus packaging cell lines. In addition, 
mid pVGELVISOSINBV-linker (Example 3) is digested transfected clone #18 cells are tested for increased vector 
with the enzyme Not I, and treated with calf intestinal packaging over a timecourse following transfection. Super- 
alkaline phosphatase. PCR amplified Sindbis El and E2 natants from transfected clone #18 cells are harvested at 20, 
glycoprotein genes digested with Not I (previous paragraph) 35 45, and 70 hours post-transfection, as described above, and 
are then ligated to the ELVIS vector to generate a construct used to infect fresh monolayers of BHK-21 cells. FIG. 13 
designated pVGELVIS-El/E2. Plasmid pVGELVIS-El/E2 shows that Sindbis-luciferase vector packaging increases 
subsequently is digested with the enzyme Bsp EI, removing significantly at 45 hours post-transfection, as compared to 
most of the nonstructural protein gene coding region, and the 20 hours post-transfection. Expression also can be tested by 
remaining El- and E2-containing vector DNA is re-ligated 40 western blot analysis using polyclonal rabbit anti-Sindbis 
to itself, creating an inducible expression cassette identified antibodies (available in the literature), 
as pVGELVdl-El/E2. This glycoprotein expression vector C. INDUCIBLE VECTOR AND STRUCTURAL PRO- 
is used to transfect cells that have been previously trans- TEIN EXPRESSION FOR ALPHAVIRUS PRODUCER 
fected with a capsid protein expression construct, and stable CELL LINES 

glycoprotein gene transfectants are identified by selection 45 1. USE OF VIRAL PROMOTERS 

for G418 resistance. For both the capsid and envelope The challenge of developing an alphavirus vector pro- 

glycoprotein expression cassettes, additional mammalian or ducer cell line lies in the question of whether a virus, whose 

non-mammalian (including insect)-derived promoters, infection of mammalian cells results almost exclusively in 

which may or may not be inducible, are readily substituted productive lytic cell death, can be modified to establish 

for those described above, using standard techniques known 50 persistent infection in these same cells. One approach is to 

in the art. generate alphavirus vector producer lines from mosquito 

5. ASSEMBLING THE COMPONENTS TO CREATE cells, where viral persistence often results after infection. 

THE ALPHAVIRUS PACKAGING CELL LINE However, the titer of infectious virus produced in persis- 

For example purposes, the BHK-21 cell line and replicon- tently infected mosquito cells is only about lxlO 4 PFU/ml, 

inducible packaging expression cassette are used to demon- 55 at least five orders of magnitude less than that observed after 

strate assembly of the components. However, other possible lytic infection of BHK cells by Sindbis. 

parent cell lines can be used to create alphavirus packaging Several strategies are described for inducible alphavirus 

cell lines and have been discussed previously. Briefly, BHK- vector producer cell lines, containing both vector and viral 

21 cells (CCL 10) are grown at 37° C. in 5% C0 2 in structural gene cassettes, such that productive cytolytic 

Dulbecco's modified Eagle's Media (DMEM), 2 mM 60 infection occurs only after the correct stimulus. Because 

L-glutamine, and 10% fetal bovine serum (optimal media). these approaches operate on a "feed forward" level, any 

Approximately 5x10 s BHK-21 cells, grown in a 35 mM leakiness in the system will result in initiation of the 

petri dish, are transfected with 5 ug pLTR/SindlBspE using alphavirus replication cycle and probable cell death. 

5 ul of the Transfectam (Promega) cationic lipid reagent, in Therefore, tightly regulated control mechanisms are neces- 

serum-free media conditions, as suggested by the supplier. 65 sary for such a system. 

However any method of transfection is rapidly substituted, The hallmark of development is the differentiation state- 

i.e., by electroporation, calcium phosphate precipitation, or dependent pattern of gene expression. Briefly, gene expres- 
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sion patterns differ widely between undifferentiated and To isolate vector packaging cell lines, whose production 

terminally differentiated states. Thus, a cell whose differen- Q f structural proteins in the presence of Sindbis NSP is cell 

nation state can be controlled is likely an ideal host in which differentiation state dependent, undifferentiated F9 or PCC4 

to derive an alphavims vector producer cell line. In such a . c t . . , T ™ „ , „„ n 

fk» „ „i _ • „ * . cells are transfected with pLTR/SINdlBspE and G418 

configuration, the vector expression cassette and, in some 5 y^nv^n^i^i, ^ WJO 

instances, structural components are coupled to terminal selected as described above. Differentiation state-sensitive 

differentiation state-inducible promoters, according to the clones are then selected by infection at high multiplicity 

strategy described for ELVIS, and used to transform stably with packaged SIN-luc vector. Clones which are resistant to 

an undifferentiated host cell. Terminal differentiation of the cell lysis or do not produce packaged SIN-luc vector 

host producer cell after induction with the appropriate 1Q particles, are candidate vector packaging clones. These 

stimuli coincidentally results in induction of the alphavirus candidate clones ^ tested for SIN .i uc vector particle pro . 

replication cycle and production of packaged vector. Other e , t . . , ,.„, * . . r . . 

strategies described herein, including andsense structural dUC ^° D f^ng terminal differentiation with rennoic acid, 

genes and heterologous viral expression systems, are readily ^ described. 

coupled with cellular differentiation state-dependent pro- The murine wild type polyomavirus (Py) is unable to 

moters described below. 15 replicate in the teratocarcinoma cell lines PCC4 or F9. This 

In this approach, four examples are described, using either block of replication in undifferentiated cells occurs at the 

a viral or cellular promoter which are active in only termi- level of transcription of early region (i.e., T antigen) genes, 

naUy differentiated cells. . ^ x and is released by induction of terminal differentiation with 

It has been shown that mouse Polyomavirus (Py), SV40, - A o. * * , • , L1 , . ... , , . 

axm \ M m ■ ii - * i lunA v ;/' ,/ vitamin A. Py mutants which are able to establish productive 

and Moloney murine leukemia virus (M-MuLV), all are able 20 • f . , :fr . 4 , n ^„ A , ™ „ , 

to infect and enter undifferentiated mouse embryonal card- ^ e f Uo ° m UnchffereDtiated PCC4 and ^ ma P to ^ 

noma (EC) cells, but the expression of their genes (and viral enhancer region. The genesis of an embryonic tissue 

heterologous genes) and establishment of productive infec- specific transcriptional enhancer element has resulted in 

tion is blocked (Swartzendruber and Lehman, J. Cell these mutants. In order to exploit this property of inhibition 

Physiol. 85:179-188, 1975; Peries et al., J. Natl. Cancer ^ of Py replication in undifferentiated teratocarcinoma cell 

Inst. 59:463-465, 1977). These viral growth properties also lines, the viral regulatory non-coding region, including the 

have been demonstrated in two cell lines, PCC4 and F9, enhancer, is coupled to the genomic cDNA of Sindbis vims, 

which are derived from the malignant stem cells of mouse according to the ELVIS strategy. The precise transcriptional 

teratorcarcinomas. The block to viral propagation occurs at sM site of ^ earf rc ^ oa has ^ determined (see 

e^? f cS? 30 Tooze, DNATumor Viruses). The PCC4 and F9 cell lines are 

regions (linney et al., Nature 308:470-^72, 1984; Fujimura stabIy transformed ^ lhe Py-S^b* vectors. In tins 
et al., Cell 23:809-814, 1981; Katinka and Yaniv, Cell model Smdbls productive infection occurs after addition of 
20:393-399, 1980). When M-MuLV infects undifferentiated retinoic acid to the culture medium and induction of terminal 
EC cells, the viral DNA integrates into the genome. differentiation. 

However, as stated above, expression of viral genes or of 35 ^ py non-coding TCg ^ on fro m bases 5021-152, which 
heterologous genes is blocked. This block of viral expres- includes the sequences corresponding to the viral enhancers, 

sion is released upon terminal differentiation of EC cells by 01 k« ™k~«*;«« • • PA at. a tata u a 

addition of retinoic acid to the growth medium. 21 bp repea^ replication ongm CAAT and TATA boxes and 

To test the RNA expression properties of the pVGELVIS * e early mRNA transcnpUon 5* cap site, is positioned at the 
construct in EC cells, plasmid DNA is complexed with 40 5 viral end such that n vivo, only a smgle capped C residue 
LIPOFECTAMINE (GIBCO-BRL, Gaithersburg, Md.) * added to me Smdbis 5 ' end - Juxtaposition of the Py 
according to the conditions suggested by the supplier (ca. 5 non-coding region and the Sindbis 5* end is accomplished by 
g DNA/8 g lipid reagent) and added to 35 mm wells overlapping PCR as described in the following detail, 
containing undifferentiated PCC4 or F9 cells (Fujimura et Amplification of the Py non-coding region in the first 
al., 1981, Cell 23:809-814) at approximately 75% conflu- 45 primary PCR reaction is accomplished in a reaction con- 
ency. The development of cytopathic effects (CPE), and the taking the pBR322/Py, strain A2 plasmid (ATCC number 
level of Sindbis productive infection, quantitated by plaque 45017-p53.A6.6(pPy-l)) and the following primer pair 
assay of media supernatant, is determined at regular inter- Forward primer Pybgl5021F (buffer sequence/Bgl II rec- 
vals over 5 days in undifferentiated and differentiated trans- ognition sequence/Py nts 5021-5043)* 
fected PCC4 or F9 cells. Differentiation of F9 and PCC4 50 

cells is accomplished by addition of retinoic acid (Sigma _ 

Chemical Co., St. Louis, Mo.), at a final concentration of 5'-iAiArAGAixntnTGAix^GCTiCAGAAGAiXKK; 

( SEO - 10 NO - 86 ) 

It has been proposed that the hierarchy of relative expres- 

sion of heterologous genes observed in undifferentiated EC 55 Revelse primer: siNPyl52R (SIN nts 5-iyPy nts 152-134): 
cells infected with M-MuLV vectors may be in part inser- 7 

tional dependent (Linney et al., 1987, J. Virol. 

61:3248-3253). Thus, undifferentiated EC cells transfected 5'-tcaaitxkxh3Gaagaggcggttgg (seq. id no. 87) 

with pVGELVIS may likely produce different results, in 

terms of transcription of the Sindbis genomic cDNA and, in go 

turn, initiation of the viral life cycle. In this event, following amplification of the Py non-coding region with the 

G418 selection of pVGELVIS transfected undifferentiated primer pair shown above is performed using the Therm alase 
EC cells, remaining cells are cloned and expanded. The cell thermostable DNA polymerase (Ameresco Inc., Solon, 
clones are then tested for the production of Sindbis virus Ohio) and the buffer containing 1.5 mM MgCl^ provided by 
after differentiation by addition of retinoic acid (Sigma 65 the supplier. Additionally, the reaction contains 5% DMSO, 
Chemical Co., St. Louis, Mo.), at a final concentration of and the Hot Start Wax beads (Perkin-Elmer), using the 
1M. following PCR amplification protocol shown below: 
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by 0.8% agarose/TBE electrophoresis, digested with Bgl II, 
and the 2,734 bp product is ligated into pcDNASINbgl/xba 
(see Example 3) treated with Bgl II and CIAP. The resulting 
construction is 16,641 bps and is known as ELVIS-PySIN. 
In order to construct a structural protein expression vector 
similar to pLTR/SindlBsp for the derivation of vector pack- 
aging cell lines, the ELVIS- PySIN construction is digested 
to completion with Bsp EI, and religated under dilute 
conditions, in order to accomplish deletion of the nonstruc- 
Amplification of the Sindbis 5' end in the second primary i 0 mral P roteins between bases 422-7054. This construction is 
PCR reaction is n a reaction containing the pVGSP6GEN as ELVIS-PySINdlBspE. 

clone and the following primer pair: ELVIS-PySIN plasmid DNA is complexed with LIPO- 

Forward primer (Py nts 138-152/SIN nts 1-16): FECTAMINE (GIBCOBRL, Gaithersburg Md) according 

to the conditions suggested by the supplier (ca. 5 g DNA/8 

g lipid reagent) and added to 35 mm wells containing 

3ACGGCGTAGTAC (seq. id no. 88) 15 undifferentiated PCC4 or F9 cells at approximately 75% 

confluency. The development of cytopathic effects (CPE), 
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„„„„„„ „ • „. , QIM „. , t B ~ ,, and the level of Sindbis productive infection, quantitated by 

Reverse pnmer. (SIN nts 3182-3160). ?kque ^ of media ^^lant, is determined at regular 

intervals of 5 days in undifferentiated and differentiated 

5'<rrGCiCAACCGGTAAGTACGATAC (seq. id no. is) 20 or . F9 Differentiation of F9 and PCC4 cells is 

accomplished by addition of retinoic acid (Sigma Chemical 
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Co., St. Louis, Mo.), at a final concentration of 1 raM. 
PCR amplification of Sindbis 5' end region with the if th© undifferentiated EC cells demonstrate a heterolo- 
pnmer pair shown above is with the reaction conditions gous response to transfection with ELVIS-PySIN, remaining 
described above, using the foUowmg PCR amplification ^ ^ not lysed by sindbis ^ propagation f oUo wingG418 

selection of pVGELVIS transfected undifferentiated EC 
cells are cloned and expanded. The cell clones are then 
tested for the production of Sindbis virus after 
differentiation, by addition of retinoic acid (Sigma Chemical 
30 Co., SL Louis, Mo.), at a final concentration of 1 mM. 

Isolation of vector packaging cell lines stably transfected 
with ELVIS-PySINdlBspE, having a cell differentiation 
state dependent pattern of expression of structural proteins 
in the presence of Sindbis NSP, is accomplished as described 
The 442 bp and 3202 bp products from the primary PCR 35 ab ? ve f ° r PLTRISindlBspE plasmid. 
reactions are purified with GENECLEAN (BIO 101), and 0 . I ° L ? rder to dem t onstrate the feasibility of an inducible 
used together in a PCR reaction with the following primer Sindbis vector producer cell line, the reporter gene expres- 
p^. sion from the ELVTS-luc vector, whose construction is 

Forward primer Pybgl5021F (buffer sequence/Bgl U rec- described in Example 3, section E, after transfection of BHK 
ognition sequence/Py nts 5021-5043): 40 ^ undifferentiated F9 cells is fetermined. In addition, both 

cell types are infected with packaged SIN-luc vector, whose 

— production is described in Example 3 section C. This later 

S'-TATyffAGATCTCTrcxiTM experimental group serves as a control that expression 

(seq. ID NO. 89) restriction (if any) lies at the level of transcription rather than 

45 a receptor difference on unique cell types. Tne results of this 
Reverse primer: (SIN nts 2300-2278): study, shown in FIG. 14, demonstrate that the expression of 

hiciferase is inhibited in undifferentiated F9 cells. The level 

of hiciferase expression in BHK cells transfected with 

5 ^cxnAACAAGAicixxmKXxnT> (SEQ. id no. 19) ELVIS-hic and BHK and undifferentiated F9 cells infected 

— ~ ^ 5Q with packaged SIN-luc vector is similar. Thus, in ELVIS-luc 
PCR amplification of the of the primer PCR amplicon transfected undifferentiated F9 cells, transcription from the 
products with the primer pair shown above is with the LTR and subsequent hiciferase expression via the Sindbis 
reaction conditions described above, using the following vector autocatalytic pathway is inhibited. This study dem- 
PCR amplification protocol shown below: onstrates that packaging cell lines can be developed where 

55 synthesis of Sindbis vector or Sindbis vector packaging is 
inducible and controlled by the differentiation state of the 
cell. 

2. USE OF CELLULAR PROMOTERS. 
The third example of this strategy uses the p-globin locus 
60 control region. The p-globin multigene cluster contains five 
developmental regulated genes. In the early stages of 
human development, the embryonic yolk sac is the hemato- 
poietic tissue and expresses the e-globin gene. This is 
The 20 3' terminal bases of the first primary PCR ampLi- followed by a switch to the y-globin gene in the fetal liver 
con product overlaps with the 20 5 f terminal bases of the 65 and the 5- and p-globin genes in adult bone marrow (Collins 
second primary PCR amplicon product; the resultant 2,742 and Weissman, 1984, Prog. Nucleic Acid Res. Mol Biol, 
bp overlapping secondary PCR amplicon product is purified 31:315). 
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Al least two mouse erythroleukemia lines, MEL and 3. INSERTION OF VECTOR CONSTRUCTS INTO 

Friend, serve as models for terminal differentiation depen- DIFFERENTIATION STATE CONTROLLED INDUC- 

dent expression of p-globin. Expression of 0-globin is IBLE PROMOTERS. 

observed in these lines only after induction of terminal Generation of clones whose expression of heterologous 
differentiation by addition of 2% DMSO to the growth 5 gen es from Sindbis vectors positioned in the ELVIS con- 
medium. figuration as described in Example 3 is differentiation state 

T tal ^P'^^^?^! 1 ^^. to coniro \ dependent, is accomplished as described above for the 

region (LCR. Within the LCR is the dominant control pVG ELVIS, pLTR/SindlBspE plasmids. Generation of 

region (DCR) residing ^within the DNase I hypersensitive dones wbose £ roduction of y ^ iQ " ^ mcTtQ ^ 0Q 

region, which is 5' of the coding region The DCR contains t . A , \ . . *\ - . , " 

five DNase I hypersensitive (HS1-HS5) sites. Hie DCR 10 de Pf n ^ accomplished by t^fect^ the isolated 

directs high level site of integration independent, copy ^renUaUon dependent vector packaging clones described 

number dependent expression on a linked human p-globin ^° ve ^ heterologous gene expression vectors, 

gene in transgenic mice and stably transfected mouse eryth- Clones having the desired phenotype or vector production 

roleukemia (MEL) cells (Grosveld et al., 1993, CSHSQB after retinoic acid induced differentiation are isolated as 

58:7-12). In a recent study (Ellis et al., 1993, EMBO 15 described above. 

12:127-134), concatamers of a synthetic core coinciding to D. STRUCTURAL PROTEIN EXPRESSION FROM A 

sequences within HS2 were shown to function as a locus HETEROLOGOUS ASTROVIRUS JUNCTION REGION, 

control region. Among the critical properties of a vector packaging 

In order to accomplish the differentiation state dependent system are a cell line which expresses the structural corn- 
expression of alphavirus vectors, the viral genomic cDNA is 20 ponents necessary to generate an infectious particle, without 
juxtaposed with a promoter containing a tandem synthetic the creation of wild-type virus through recombination 
core corresponding to the LCR HS2 site. Alternatively, the between vector and structural gene components. These two 
desired alphavirus vector construct can be inserted down- desired properties of the packaging cell line are accom- 
stream of the LCR in the endogenous-globin gene by plished in the retrovirus based systems through the consti- 
homologous recombination. In such a strategy, the p-globin 25 tutive expression of the gag/pol and env genes on individual 
transcription initiation site after terminal differentiation heterologous RNA polymerase □ expression cassettes, 
would be first determined, in order that the alphavirus vector Another important aspect of vector packaging cell lines is 
could be placed precisely at the start site. to derive a system which mimics as closely as possible the 

Initiation of a lytic viral life cycle is controlled by the normal replication strategy of the wild type vims. This issue 

differentiation state of the host cell is applicable to other 30 is important in terms of the observed titer level of packaged 

systems, where the control of viral induced cytopathology is recombinant vector. Synthesis of the viral structural proteins 

desired. during alphavirus infection is accomplished after transcrip- 

Yet another approach to regulating alphavirus gene tion of high levels of subgenomic mRNA from the junction 

expression through a differentiation state sensitive promoter region promoter, followed by efficient translation into the 

is the use of the retinoic acid receptor a (RARA) and acute 35 structural proteins. The junction region promoter is func- 

promyelomonocytic leukemia cells (APL). APL cells are tional only in the antisense orientation and synthesis of the 

clonal myeloid precursors characterized by high growth rate antigenomic RNA occurs after translation of the nonstruc- 

and differentiation arrest Anon-random chromosomal trans- tural proteins, thus delaying the expression of the structural 

location breakpoint, t(15;17)(q22;21), occurs in almost all proteins. It follows that, with regard to alphavirus, it would 

patients with APL. The RARA gene has been localized to 40 be desirable to construct a packaging cell line in which 

chromosome 17q21. Analysis of APL mRNA from patients synthesis of the structural proteins is initiated from the 

has shown that most APL breakpoints occur within the junction region promoter, which in turn is activated by 

second intron of the RARA gene and result in abnormal nonstructural proteins expressed from the recombinant vec- 

fusion transcripts. Co-transfection assays with RARA and tor molecule. 

PML-RARA fusion cDNAs have demonstrated that the 45 It is known that a relatively high frequency of recombi- 

resulting fusion proteins can antagonize wild-type RARA in nation occurs between RNA genomic molecules occurs 

the presence of retinoic acid. These studies implicate PML- during infection with Sindbis virus via a copy choice mecha- 

RARA fusion protein in the molecular pathogenesis of APL. nism (/WAS 88:3253-3257, 1991). Recombination between 

Importantly, a significant number of patients achieve com- vector and junction region/structural gene cassettes would 

plete remission after all-trans retinoic acid treatment 50 result in the generation of wild-type Sindbis virus, perhaps 

(ATRA). High concentration of ATRA may overcome the at a level of 1 wild-type virus per million of packaged vector 

RARA deficiency leading to high levels of RA in the particles (Liljestrom Bio Technology 9:1356-1361, 1991). 

nucleus. Differentiation of the APL cells can then be One way to mitigate the generation of wild-type virus is to 

achieved through activation of RARA responsive genes. RA separate the structural genes onto separate expression 

can induce differentiation of a number of cell lines, includ- 55 cassettes, an approach which has been discussed previously 

ing the human leukemia line HL-60. in Example 7. 

The retinoic acid receptor is a member of a nuclear An additional approach to diminish the level of wild- type 
receptor superfamily that includes the thyroid and steroid virus production in alphavirus vector packaging cell lines is 
hormone receptors. Four different forms of the human RAR to express the structural proteins under the control of Astro- 
have been identified, and the corresponding cDNAs cloned 60 vims genetic elements. A schematic for this configuration is 
and characterized. In order to accomplish the differentiation depicted in FIG. 15. Similar to alphaviruses, the expression 
state dependent expression of Sindbis vectors, viral genomic of Astro virus structural proteins incorporates a junction 
cDNA is juxtaposed with the RARA DNA binding site, region strategy, in which high levels of structural proteins 
creating ELVTS-RARASIN. As with the strategy proposed are synthesized from a subgenomic message. The Astrovirus 
for ELVTS-PySIN expression in undifferentiated EC cells, 65 expression cassette may consist of one of the two following 
differentiation sensitive ELVTS-RARASIN expressing cells ordered elements: (1) inducible promoter/ Astro virus 5' end/ 
are isolated. Astrovirus junction region/alphavirus structural gene/ 
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Astrovirus 3* end, or (2) antisense Astrovirus 3* end/ Piccini et al., Meth, Enzymology 153:545, 1987; and Man- 

antisense alphavirus structural gene/antisense Astrovirus souret a\.,Proc. Natl. Acad Sci USA 82:1359, 1985). These 

junction region/an tiseose Astrovirus 5' end/ Hepatitis Delta and other viral vectors are used to produce proteins in tissue 

virus ribozyme, or other configurations described in culture cells by insertion of appropriate genes into the viral 

Example 7. In both configurations, the expression unit is 5 vector and can be readily adapted to make alphavirus vector 

amplified by the Astrovirus nonstructural proteins through particles. 

the same mechanism that occurs during viral replication. For example, adenovirus vectors are derived from nuclear 
Since multiple rounds of subgenomic MRNA synthesis replicating viruses and can be modified so they are defective 
initiated from the junction region occur from each expres- Heterologous genes are inserted into these vectors either by 
sion unit, amplification of the expression unit by the Astro- 10 m vitro construction (Ballay et al., EMBOJ. 4:3861, 1985) 
virus nonstructural proteins results in the production of very 0 r by recombination in cells (Thummel et al., /. Mol Appl 
high levels of alphavirus structural proteins. The second Genetics 1:435, 1982), and used to express proteins in 
configuration of the alphavirus structural protein expression mammalian cells. One preferred method is to construct 
cassette described above may function better than the first, plasmids using the adenovirus major late promoter (MLP) 
because the primary transcript of the toxic alphavirus struc- is driving: (1) alphavirus structural proteins; and (2) an 
tural gene is antisense. Although expression of the structural alphavirus vector construct. The alphavirus vector in this 
genes m the first configuration should not occur until syn- configuration still contains a modified junction region, and 
thesis of the negative strand followed by synthesis of the wou i d a n ow me transcribed RNA vector to be self- 
positive subgenomic RNA from the junction region, the replicating, as in previously described configurations, 
antisense nature of the primary transcript in the second 20 ^ lasmids m ^ ^ tQ make adenovirus 
configuration represents an additional level of control to genomesi i vitlD(Ballavetal ^ Mmy . 4:3861 , 198S>mJhc 
prevent cytotoxic protein expression. & . . . , v . * ' , ' > * 
f* • 1*1 i 4 L * -u * • ,. . » . . recombinant adenoviral genomes, which are replication 
It is likely that no wild-type virus would be generated in , 4 - . . f e . 4 /"Ti";" 
, - ,, .* f\. , . - . 4 ^ t defective, are separately transfected into 293 cells (ATCC 
a packaging cell hne ; m wiuch the alpha virus structural ^ 15 ^ makin adenovu 4 E1A 

protems are synthesucd ind.v.dually from ^rovmis junc- 25 protein)> to ^ pure stocks of defective adenovirus vectors 

Uonregrcne^ressioncasset^^ l^^l m J^ hi ^^^ tei ^ otalbivims 

nonstructural protein region of the vector and an Astrovirus , *\ , %■ ^ ... , u . • n 

^ , ■ . ^ . „ -j vectors. Since the titers of such vectors are typically 

structural protein expression cassette would result ma in 7 in ii/ m1 4k , * t . . . c * v . J 

, , . . . . A *\ . , t , , 10 -ltr /ml, these stocks are then used to infect tissue 

molecule in which Astrovirus as elements were coupled „ . u , ... . , • ,. • e • 

with alphavirus genes, a nonviable combination. Correct 30 ^ ce^ulUuneously ath^multiphatyofmfecUon, 

c , , . . , 4 . , . , . resulting in the production or alphavirus proteins and vector 

coupling of alphavirus cis and trans elements would require t K t . e . \. , v . 

\ genomes at high levels. Since the adenovirus vectors are 

two precise recombination events between the vector and the ,Lf— »™ v^TZ- a- ♦ «n i • -n a 

a * * detective, httle or no direct cell lysis will occur and vectors 

Astrovirus expression cassette, between the Astrovirus lunc- . \ , - 4l _ „ 

- a * 1 trii/i j u *u are harvested from the cell supernatants. Similar approaches 

tion region and structural gene ATG, and between the „ A % * . . . , . fT. 

. , . . & , , 4 J . . * are readily earned out using recombinant vaccinia virus 

structural gene termination codon and the Astrovirus 3* end. 35 , * . . . 3 A , . t 

T j - a - , 4 iL . , . .... vectors constructed by insertine the alphavirus sequences 

In order to generate wild type virus, this dual recombination • * *u u «i i -a ^ m + * ^ tt 

,t. . J AT it _ . . mto the shuttle plasmid pK (Bergmann et al., Eur. J. Immu- 

event would have to occur three times on the same molecule , oa i nn a\ r • • u**- 

/ - t t , . v . . , j • • . not. 23:2777, 1993) for in vivo recombination mto the 

(six total events), to incorporate the three separated alphavi- . . „ m ' . ' 

.it' F y vaccinia WR strain, 
rus structural genes. 

In order to diminish any possible toxicity of the Astro vi- 40 ° ther viral vectors » such as those derived from unrelated 

rus proteins, synthesis of the Astrovirus expression cassettes vectors ( e *S- RSV ' MMTV or HIV )» also may be used in the 

may also be controUed by inducible promoters. One possi- same marmer to generate packaged vectors from primary 

bility is to use the lac operon, according to the "lac-switch" In one embodiment, these adenoviral vectors are used 

system described previously in Example 7 (Stratagene). The m COD -i unction ^ Primary cells, giving rise to recombinant 

constitutive level of expression of the lac operon controUed 45 aJpnavirus particles. 

gene in the absence of the gratuitous inducer IPTG is about An alternative expression system also has been described 

10 copies of RNA per cell. The inducible promoter corre- ^ which chimeric HIV/poliovirus genomes result in the 

sponding to the Astrovirus/alphavirus structural gene generation of chimeric minireplicons (J. Virol. 65:2875, 

expression cassette may be the lac operon or other suitable 1991) capable of expressing fusion proteins. These chimeric 

promoters which have very low level of constitutive expres- 50 poliovirus minireplicons, in which HIV-1 gag-pol sequences 

sion. Construction of packaging cell lines of these were substituted for the VP2 and VP3 capsid genes of the PI 

configurations, in which the control of alphavirus proteins is capsid of poliovirus, were later demonstrated to be encapsi- 

directed by a heterologous virus should result in the gen- dated and produce infectious particles by using a recombi- 

e ration of high titer wild-type virus free packaged vector nant vaccinia virus ( W-Pl) that expresses the substituted 

particles. 55 poliovirus capsid precursor PI proteins defective in the 

chimeric minireplicon (J. Virol. 67:3712. 1993). For use in 

Example 8 accordance with this invention, the alphavirus vector 

ALTERNATIVE VIRAI VFfTOR PACK A r INr ^nome is substituted for the PI capsid sequences and used 

ALIfcRNAHVE ^A^CTOR PACKAGING ^ a means for providing polio-pseudotyped alphavirus 

lbCHNigUhi> ^ vectors after transfecting in vitro transcribed alphavirus 

Various alternative systems can be used to produce vector RNA transcripts into the cell line. Conversely, 

recombinant alphavirus particles carrying the vector con- alphavirus structural proteins also may be substituted for the 

struct. Each of these systems takes advantage of the fact that VP2 and VP3 proteins, subsequently providing an altema- 

baculovirus, and the mammalian viruses vaccinia and tive packaging cell line system for alphavirus based vectors, 

adenovirus, among others, have been adapted recently to 65 In an alternative system, several components are used, 

make large amounts of any given protein for which the gene including: (1) alphavirus structural proteins made in the 

has been cloned. (Smith et al, Mol Cell Biol. 3:12, 1983; baculovirus system using techniques described by Smith et 
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al. (supra) (or in other protein production systems, such as tural protein(s) of another virus and introducing the corre- 

yeast or E. coif); (2) viral vector RNA made in the known sponding viral packaging sequence into the alphavirus vec- 

17, SP6 or other in vitro RNA-generating system (Ham ant tor construct, assembly of recombinant alphavirus vector 

et al. , J. Virol. 62: 1827, 1988); (3) tRNA transcribed in vitro constructs into particles of other virus types can be achieved, 

or purified from yeast or mammalian tissue culture cells; (4) 5 Thus, recombinant alphavirus particles can be produced 

liposomes (with embedded envelope glycoproteins); and (5) which have an increased affinity for pre-selected target cells, 

cell extract or purified necessary components when identi- depending on the tropism of the protein molecule(s) or 
fled (typically from mouse cells) to provide RNA domain(s) introduced. 

processing, and any or other necessary cell-derived func- i n one embodiment, substitution of the analagous enve- 

tions. to lope glycoproteins El and/or E2 from other alphaviruses or 

Within this procedure, components (1), (2) and (3), from their variants is performed to alter tissue tropism. For 

above, are mixed, and then envelope glycoprotein associated example, Venezuelan equine encephalitis virus (VEE) is an 

alphavirus proteins, cell extract and pre-liposome mix (lipid alphavirus which exhibits tropism for cells of lymphoid 

in a suitable solvent) are added. In an alteration of the origin, unlike its Sindbis virus counterpart. Therefore, 

procedure, the alphavirus envelope glycoproteins are *5 Sindbis-derived vector constructs packaged in a cell line 

embedded in the liposomes prior to addition to the mixture expressing the VEE structural proteins display the same 

of (1), (2), and (3). The resulting mixture is then treated (e.g., lymphotropic properties as the parental VEE virus from 

by so ni cation, temperature manipulation, or rotary dialysis) which the packaging cell structural protein gene cassette was 

to allow envelopment of the viral nucleocapsid particles obtained. 

with lipid plus embedded alphavirus envelope glycoprotein 20 Specifically, the Trinidad donkey strain of VEE virus 

in a manner similar to that for liposome encapsidation of (ATCC #VR-69) is propagated in BHK-21 cells, and virion 

pharmaceuticals (Gould-Fogerite et al., Anal. Biochem. RNA is extracted using procedures similar to those 

148:15, 1985). This or similar procedures can be used to described in Example 1. The entire structural protein coding 

produce high titres of packaged alphavirus vectors without region is amplified with a primer pair whose S'-ends map, 

the requirement of establishing intermediate packaging cell 25 respectively, to the authentic AUG translational start site, 

lines. including the surrounding Kozak consensus sequence, and 

v . Q UGA translational stop site. The forward primer is comple- 

tXample y mentary to VEE nucleotides 7553-7579, and the reverse 

CELL LINE OR TISSUE SPECIFIC primer is complementary to VEE nucleotides 11206-11186 

ALPHAVIRUS VECTORS-"HYBRID 30 (sequence from Kinney et al. t Virology 170:19-30, 1989). 

ENVELOPES" PCR amplification of VEE cDNA corresponding to the 
, _ structural protein genes is accomplished using a two-step 
The tissue and cell-type specificity of alphaviruses is reverse transcriptase-PCR protocol as described above, the 
determined primarily by the virus-encoded envelope ve E genome ^ A ^ templatej and me following onco- 
proteins, El and E2. These virion structural proteins are 35 nucleotide pair 
transmembrane glycoproteins embedded in a host cell- Forward primer (VEE 7553F): 
derived lipid envelope that is obtained when the viral 

particle buds from the surface of the infected cell. The 

envelope surrounds an icosahedral nucleocapsid, comprised 5*-TAixrATxnxxx}OCGC 

of genomic RNA complcxed with multiple, highly ordered 40 cca-3' (seq. id no. 90) 

copies of a single capsid protein. The El and E2 envelope — _ ^ _ ^ _ 

glycoproteins are completed as heterodimers which have Reverse primer (VEE 11206R): 
been reported to assemble into trimeric structures, forming 

the characteristic "spikes" on the virion surface. In addition, 

the cytoplasmic tails of these proteins interact with the 45 5TA3XTATAiTXXXXXXKrix^ 

nucleocapsids, initiating the assembly of new viral particles (seq. id no. 91) 

(Virology 193:424, 1993). Properties ascribed to the inch- 

vidual glycoproteins of Sindbis virus include receptor bind- Io addition to their respective complementarities to the 

i°g by glycoprotein E2 (Virology 181:694, 1991) and gly- indicated VEE nucleotides, each primer includes a Not I 

coprotein El-mediated fusion of the virion envelope and the 50 recognition sequence at their 5' ends. Following PCR 

endosomal membrane, resulting in delivery of the nucleo- amplification, the 3800 bp fragment is purified in a 1% 

capsid particle into the cytoplasm (New Aspects of Positive- agarose gel and digested with the enzyme Not I. The 

Stranded RNA Virus, pp. 166-172, 1990). resulting fragment is then ligated separately into the pOP13 

The present invention recognizes that by disrupting gly- and pOPRSVl vectors (Stratagene) described previously, 

coprotein activity (in particular, but not limited to that of E2) 55 which are digested with Not I and treated with calf intestinal 

and co-expressing an intact heterologous glycoprotein, or by alkaline phosphatase. These resulting vectors, which contain 

creating hybrid envelope gene products (i.e., specifically, an the entire VEE structural protein coding sequence, are 

alphavirus envelope glycoprotein having its natural cyto- known as pOPl 3- VEESP and pOPRS VI -VEESR The use of 

plasmic domain and membrane-spanning domain, with its these clones in the development of VEE -based packaging 

exogenous binding domain replaced by the corresponding 60 cell lines follows that described for Sindbis packaging lines. 

domain(s) from a different envelope glycoprotein, or by Alternatively, the PCR amplified VEE structural protein 

replacing the E2 and/or El glycoproteins with those of other gene fragment digested with NotI is ligated into the replicon 

alphaviruses or their derivatives which differ from that of the inducible ELVIS cassette described in Example 7. Plasmid 

vector in their tissue tropism, the host range specificity may pVGELVISBV-Iinker is digested with Bsp EI to remove 

be altered without disrupting the cytoplasmic functions 65 most nonstructural protein coding sequences, and the vector 

required for virion assembly. Alternatively, by replacing one is then re- ligated with itself to generate the construct 

or more of the alphavirus structural proteins with the struc- pVGELVISdl-linker. Subsequently, this plasmid is digested 
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with Noll, treated with calf intestinal alkaline phosphatase, 
and ligated with the NotI digested VEE fragment to generate 
the expression cassette pVGELVdlVEE. Plasmid DNA of 
this construct is transfected into the appropriate cell line and 
selection for G418 resistance is performed as described in 
Example 7. In addition, variations of the vector-inducible or 
lac operon-VEE structural protein gene expression vectors 
may be constructed using other systems described herein. 
Additionally, other variations may be constructed which 
combine the capsid protein gene of one alphavirus (for 
example, Sindbis) with the envelope glycoprotein genes of 
another alphavirus (for example, VEE) in a split gene 
approach, as described in Example 7. Furthermore, variants 
of VEE, and other alphaviruses and their variants differing 
in tissue tropism, are useful when following this approach. 

In another embodiment, a RNA packaging signal derived 
from another virus is inserted into the alphavirus vector to 
allow packaging by the structural proteins of that corre- 
sponding virus. For example, the 137 nt. packaging signal 
from hepatitis B virus, located between nts. 3134 and 88 and 
spanning the preco re/core junction (Junker-Niepmann et al. 
EMBOJ. 9:3389, 1990), is amplified from an HBV template 
using two oligonucleotide primers. PCR is performed using 
a standard three temperature cycling protocol, plasmid 
pHBVl.l (Junker-Niepmann et al. EMBOJ. 9:3389, 1990) 
as the template, and the following oligonucleotide pair, each 
of which contain 20 nucleotides complementary to the HBV 
sequence and flanking Apal recognition sequences: 
Forward primer (HBVpkgF): 



5'-T^AnKKKXXrTACArGTCXX^CTOTTCAAG-3' 
(SEQ. ID NO. 117) 



Reverse primer (HBVpkgR): 



5 '-TXTAIXjGGCCCXjTACGGAAGGAAAGAAGTCA-3' 
(SEQ. ID NO. 118) 



Following amplification, the PCR amplicon is digested with 
Apal and purified from a 1.5% agarose gel using MER- 
MAID™ (BiolOl). Sindbis vector plasmid 
pKSSINdlJRsjrc (Example 3) also is digested with Apal, 
under limited conditions to cleave at only one of its two 
sites, followed by treatment with CIAP, purification from a 
1% agarose gel, and ligation with the above-synthesized 
HBV amplicon, to produce a construct designated pKSSIN- 
hbvJR. Other alphavirus vectors (see Example 3) are readily 
modified in a similar manner Cell lines which express the 
HBV core, preS/S, and P proteins necessary for packaging of 
the RNA sequence are derived by modification of helper 
plasmid pCH3143 (Junker-Niepmann et al, EMBO J. 
9:3389, 1990) to include a selectable marker. An expression 
cassette containing the neomycin resistance marker is 
obtained by digestion of plasmid pBK-RSV (Stratagene) 
with Mst II and blunt-ending with Klenow fragment. The 
selectable marker is then ligated into any one of several 
unique sites within pCH3143 that have been digested and 
their termini made blunt The resulting construct is trans- 
fected into a desired cell line, for example, mouse hepatoma 
line Hepal-6 (ATCC #CRL1830), and selected using the 
drug G418, as described in Example 7. Introduction of the 
pKSSINhbvJR vector, or related RNA- or DNA-based 
alphavirus vectors, results in the production of packaged 
vector particles with the same hepatotropism as HBV. 

Similarly, the packaging signal from a coronavirus can be 
incorporated into the alphavirus vector. For example, the 
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190 nt packaging signal from mouse hepatitis virus (MHV), 
comprising nts 2899 to 3089 (Fosmire et al., J. ViroL 
66:3522, 1992), is amplified in a standard three cycle PCR 
protocol using TBERMALASE™ polymerase, DIssF plas- 
5 mid MP51-2 (Fosmire et al., J. Virol 66:3522, 1992) as the 
template, and the following oligonucleotides, which contain 
flanking Apal recognition sites: 
Forward primer (MHVpkgF): 



5'-TAiaiTKXXX:CAXTTItXm 
(SEQ. ID NO. 119) 



Reverse primer (MHVpkgF): 

15 

5 -TATArXHKKXXZArCXjAGGTGAGAAAGAGG AC-3' 
(SEQ. ID NO. 125) 



Following amplification, the PCR amplicon is digested with 
Apal, purified from a 15% agarose gel using MERMAID™, 
and ligated into pKSSINdlJRsjrc, prepared as described for 
HBV. The resulting construct is designated pKSSINmhvJR. 
Other alphavirus vectors (see Example 3) are readily modi- 
fied in a similar manner. Packaging of vectors modified with 
this MHV sequence is accomplished by using expression 
cassettes which produce each of the required coronavirus 
structural proteins: nucleocapsid (N protein; Armstrong et 
al.,NAR 11:883, 1983); membrane (M protein, Armstrong et 
al., Nature 308:751, 1984); and spike (S protein, Luytjes et 
30 al., Virology 161:479, 1987). Preferably, these proteins are 
inserted into the vector-inducible pVGELVSdl-linker plas- 
mid (described previously in this example) and selected for 
with the G418 drug following transfection into the appro- 
priate cell type. Other expression methodologies (see 
35 Example 7) may also be readily utilized. Additional 
coronavi ruses, for example, human coronaviruses OC43 
(ATCC #VR-759) and 229E (ATCC #VR-740), can be 
readily used in place of MHV to produce packaged recom- 
binant alphavirus particles which show tropism for cells in 
40 the respiratory tract 

Similarly, the packaging signal from a retrovirus can be 
incorporated into an alphavirus vector construct. For 
example, the 351 nt extended packaging signal (4>+) from 
Mo-MLV, corresponding to nts 212 to 563 (Mann et al., Cell 
« 33:153, 1983), is amplified in a standard three cycle PCR 
protocol as described above, using plasmid pMLV-K (Miller, 
J. Virol 49:214, 1984) as template and the following 
oligonucleotides, each of which contain a flanking Apal 
recognition site: 
50 Forward primer (MLVpkgF): 



5-TAD*nXKKXXnT3TAT^^ 
(SEQ. ID NO. 126) 

55 

Reverse primer (MLVpkgR): 



5-TATATGGGOCCGCAGACAAGACGCGOGGCGC-3' 
(SEQ. ID NO. 127) 



Following amplification, the PCR amplicon is digested with 
Apal, purified from a 1.5% agarose gel using 
GENECLEAN™, and ligated into plasmid 
65 pKSSINdlJRsjrc, prepared as described above. The result- 
ing construct is designated pKSSINmlvJR. Other alphavirus 
vectors (see Example 3) are readily modified in a similar 
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manner. The generation of a retroviral-derived producer cell cells). Alternatively, a hybrid envelope with the binding 

line for packaging and production of the above alphavinis domain of avidin is used to target cells that have been coated 

vector constructs is accomplished by transfecting an appro- with biotinylated antibodies or other ligands. The patient is 

priate packaging cell line, for example amphotropic line DA first flooded with antibodies, and then allowed time to clear 

(WO 92/05266), and selecting for resistance to the drug 5 unbound and nonspecifically-bound antibody before admin- 

G418, as described previously. istering the vector. The high affinity (10" a5 ) of the avidin 

In each case, the packaging sequences from HBV, binding site for biotin will allow accurate and efficient 

coronavirus, retrovirus, or any other virus, also may be targeting to the original tissue identified by the monoclonal 

incorporated into alphavinis vectors at locations other than "image". Additional targeting approaches are known in the 

those outlined above, provided the location is not present in 10 art and can readily be adopted for use in the practice of the 

the subgenomic transcript. For example, the next most present invention. For example, see U.S. Ser. No. 08/242, 

preferable site of insertion is the carboxy-terminal region of 407. 
nonstructural protein 3, which has been shown to be highly 

variable in both length and sequence among all alphaviruses Example 10 

for which sequence information is available. Further, these is 

applications are not limited by the ability to derive the LACTOSE FORMULATION OF A 

corresponding packaging cell lines, as the necessary struc- RECOMBINANT ALPHAVIRUS VECTOR 

tural proteins also may be expressed using any of the Crude recombinant alphavinis particles are obtained from 

altenative approaches described in Example 8. a CeU igan bioreactor (New Brunswick, NX) containing 

In yet another embodiment, a heterologous glycoprotein 20 packaging cells transfected or transduced with the alphavi- 

or cellular ligand is expressed in the lipid bilayer of a rus vector construct, and bound to the beads of the bioreactor 

packaging cell line for producing enveloped recombinant matrix. The cells release the packaged recombinant alphavi- 

alphavirus particles. This approach is similar to that rus particles into growm media that is passed over the cells 

described in Example 8 for the production of VSV-G m a continuous flow process. Trie media exiting the biore- 

pseudo-typed alphavinis vectors, except that in this 25 actor ^ collected and passed initially through a 0.8 micron 

configuration, the E2 receptor-binding function is inacti- ater? ^ a 0 65 mkmn to darff ^ 

vated by insertion, deletion, or site-specific mutagenesis. As recombinant alphavinis particles. The filtrate is concentrated 

an example, receptor binding function of E2 can be inacti- utilizing a cross flow concentrating system (Filtron, Boston, 

vated by techniques known in the art to restrict vector Mass y Approximately 50 units of DNase Hntergen, New 

particle tropism to that which is supplied by the heterolo- 30 Yo rk, N.Y.) per ml of concentrate is added to digest exog- 

gous glycoprotein or cellular ligand. In addition to the enous DNA . The digest is diafiltrated using the same cross 

example of VSV-G pseudo-typing, other viral glycoproteins flow system to 150 mM NaC1> 25 mM tromethamine, pH 

which target specific cellular receptors (such as the retroviral 7 2 ^ is loaded onto a Sephadex S-500 gel 

HIV gpl20 protein for CD4 cell targeting) are utilized when column (Pharmacia, Piscataway, N J.), equilibrated in 50 

expressed from standard vectors stably transfected into 35 mM NaClf 25 mM tromethamine, pH 7.4. The purified 

alphavinis packaging cell lines. recombinant alphavinis particles are eluted from the Sepha- 

In another configuration, chimeric glycoproteins are pre- dex s _ 500 ge i column in 50 mM NaCl, 25 mM 

pared which allow for targeting of alphavinis vector con- tromethamine, pH 7 4 

structs into particular cell lines in vitro or tissue types in ^ c . . , „. . . . , 

™ , . , ,. . c The formulation buner containing lactose is prepared as a 

vivo. To construct such a chimenc glycoprotein, specific 40 « _ , , . , , . ^ r , - . «. 

i •» 4 . i- j r- j. j - 2x concentrated stock solution. The formulation buffer con- 

ohgonucleotides encoding the ligand binding domain of the . . ~ c fcjr , — WKT ^ - 

a~?-~a i u ° i i u - tauis 25 mM tromethamine, 70 mM NaCl, 2 me/ml arpinine, 

desired receptor, plus homologous alphavinis sequences 1 A , . , ' • niOAX j «™ 7 \ 

/ .u- u • i i ■ c * j i 10 mg/ml human serum albumin (HSA), and 100 me/ml 

(which mchide a umque specific restriction endonuclease i , ■ c i i c ^ ; * 

x j . 1C _ ^ Lt _ , . lactose in a final volume of 100 mis at a pH 7.4. 

site), are used to amplify an insert sequence that can be v 

substituted into an alphavinis structural protein expression 45 ^ Purified recombinant alphavinis particles are formu- 

cassette. Alternatively, limited Bal-31 digestions from a lated by adtog one part 2x kctose formulation buiTer to one 

convenient restriction enzyme site are performed in order to P 311 S " 500 Purified recombinant alphavinis particle prepa- 

digest back to a permissive insertion site, followed by brunt ration - ^ formu > lated recombinant alphavinis particles can 

end ligation of a fragment encoding a small receptor binding stored at - 70 ° C. to -80° C. or dried. 

domain, an entire viral glycoprotein, or cell surface ligand. 50 The formulated alphavinis particles are lyophilized in an 

As an example, peptides corresponding to the principal Edwards Refrigerated Chamber (3 Shelf RC3S unit) 

neutralizing domain of the HIV gpl20 envelope protein attached to a Supermodulyo 12K freeze dryer (Edwards 

{Virology 185:820, 1991) can be used to disrupt normal E2 High Vacuum, Tonawanda, N.Y). When the freeze drying 

tropism and provide CD4 cell targeting. cycle is completed, the vials are stoppered under a vacuum 

While inclusion of the HIV gpl20 neutralizing domain 55 following a slight nitrogen gas bleeding. Upon removal, 

illustrates one example of a hybrid or chimeric envelope vials are crimped with aluminum seals. The lyophilized 

protein, the possibilities are not limited to viral glycopro- recombinant alphavinis particles are reconstituted with 1.0 

teins. For example, the receptor binding portion of human ml water or other physiologically acceptable diluent. 

interleukin-2 can be combined with the envelope protein(s) 

of an alphavinis to target vectors to cells with IL-2 receptors. 60 Example 11 
Furthermore, the foregoing technique can be used to create 
a recombinant alphavinis particles with envelope proteins 
that recognize Fc portions of antibodies. Monoclonal anti- 
bodies which recognize only preselected target cells are then A therapeutic alphavinis vector used for the treatment of 
bound to such Fc receptor-bearing alphavinis vector 65 Gaucher disease (see Example 17) may be administered by 
particles, such that the vector particles bind to and infect transducing autologous CD34 + cells in an ex vivo protocol 
only those preselected target cells (for example, tumor or by direct injection of the vector into the patient's bone 
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marrow. In order to achieve the longest therapeutic expres- lation of nonadherent CD34* cells. A third approach 

sionofGC from the recombinant multivalent vector, the best involves a similar co-cultivation approach, however, the 

mode of administration is to transduce long lived cell purified CD 34* cells are prcstimulated with various cytok- 

precursors of the clinically affected cell type, for example mes and cultured 48 hours prior to the co-cultivation with 

monocytes or macrophages. By transducing the earliest 5 the irradiated vector producing cells. Since alphavirus vec- 

precursors of the effected cell type the cell precursors are tors m aWc t0 Mea nonre pucating cells, prestimulation of 

able to setf renew and repopulate the peripheral blood with mese ^ n0 , ^ ^ however prestimulation of 

maturing GC positive celk. The earnest patent bemato- mese ^ proliferation will provide increased 

poietic stem cell studied to date arc the CD34 + cells which «, , # . c . *• • * .i_ 

i i«t AOf r u uu u i*- cell populations for reinfusion into the patient, 

make up l%-4% of a healthy bone marrow population or 10 r 

0.1% in the peripheral blood population. Being able to Prestimulation of the CD34 + cells is performed by incu- 
transduce CD34 + cells is important in sustaining long term bating the cells with a combination of cytokines and growth 
expression not only for the monocyte/macrophage lineage factors which include IL-1, IIX3, 11^6 and mast cell growth 
but any hematopoietic cell targeted for a therapeutic protein. factor (MGF). Prestimulation is performed by culturing 
Two approaches for transducing CD34* cells include an ex 15 1-2X10 5 CD34* cells/ml of medium in T25 tissue culture 
vivo and an in vivo protocol. The in vivo protocol focuses flasks containing bone marrow stimulation medium for 48 
on transducing an indiscriminate population of bone marrow hours. The bone marrow stimulation medium consists of 
cells by direct injection of the vector into the bone marrow IMDM containing 30% non-heat inactivated hAB serum, 2 
ofpafcents.Tbe^ mM L lutamine> 01 mM 2 -mercaptoethanol, 1M 

posxtive stem cells from the paU^ s bone marrow, or an 20 hydrocortisone> ^ 1% deionized ^vine xmm 
infant patient's umbilical cord blood, transducing the cells Atl . . . . , , . , . 

with vector, then subsequently injecting the autologous cells ^ ™fT ^ 1x5116 marrow ^J*™* should * 

back into the patient Both approaches are feasible, but the for tbeir L ^ity to ^W 0 * maxunal Dumbers of 

ex vivo protocol enables the vector to be used most effi- 8™«*>Cyte,. erythrocyte, macrophage, megakaryocyte, 
ciently by transducing a specific cultured population of 25 f°l°°y-f°™ng ™its from normal marrow. Purified recom- 
CD34 + cells. Details of an ex vivo method are provided in * mant ^T^T V*™"™* 

the following section. Corp., Seattle, Wash.) for prestimulation should be used at 

the following concentrations: E. coli-derived IL-1 (100 
EX VIVO ADMINISTRATION OF A U/ml), yeast-derived IL-3 (5 ng/ml), IL-6 (50 U/ml), and 

MULTIVALENT GC SINDBIS VECTOR ^ MGF (50 ng/ml) (Anderson et aL, Cell GrowthDiffer. 2:373, 

CD34* cells are collected from the patient's bone marrow 1991)- 
by a syringe evacuation performed by a physician familiar After prestimulation of the CD34 + cells, they are then 
with the technique. Alternatively, CD34* cells may also be infected by co-cultivation with the irradiated Sindbis pro- 
obtained from an infant's umbilical cord blood if the patient ducer cell line (expressing the GC therapeutic vector) in the 
is diagnosed before birth. Generally, if the bone marrow is 35 continued presence of the stimulation medium. The Sindbis 
the source of the CD34 + cells, 20 bone marrow aspirations vector producing cell line is first trypsinized, irradiated 
are obtained by puncturing femoral shafts or from the (10,000 Rads) and replated at 1-2X10 5 cells/ml of bone 
posterior iliac crest under local or general anesthesia. Bone marrow stimulation medium. The following day, 1-2x10* 
marrow aspirations are then pooled, suspended in Hepes- prestimulated CD34* cells/ml is added to the Sindbis vector 
Buffered Hanks 'balanced salt solution containing heparin at 40 producing cell line monolayer. Co-cultivation of the cells is 
100 units per ml and deoxyribonuclease I at 100 ug/ml and performed for 48 hours. After co-cultivation, the CD34 + 
then subjected to a Ficoll gradient separation. The buffy cells are collected from the adherent Sindbis vector produc- 
coated marrow cells are then collected and washed accord- ing cell monolayer by vigorous washing with medium and 
ing to CeliPro's CEPRATE® LC (CellPro, Bothell, Wash.) plated for 2 hours to allow adherence of any dislodged 
(CD34) Separation system (see U.S. Pat. Nos. 5,215,927; 45 vector producing cells. The CD34+ cells are collected and 
5,225,353; 5,262^34; 5,215,926 and PCT/US9 1707646). expanded for an additional 72 hours. The cells are then 
The washed buffy coated cells are then stained sequentially harvested and frozen in liquid nitrogen using a cryo- 
with anti-CD34 monoclonal antibody, washed then stained protectant in aliquots of lxlO 7 cells per vial. Once the 
with biotinylated secondary antibody supplied with treated CD34 4 " cells have been tested for the absence of 
CEPRATE® system. The cell mixture is then loaded onto 50 adventitious agents, frozen transformed CD34 + cells may be 
the CEPRATE® avidin column. The biotin-labeled cells are thawed, plated to a concentration of lxlO 5 cells/ml and 
adsorbed onto the column while unlabeled cells passed cultured for an additional 48 hours in bone marrow stimu- 
through. The column is then rinsed according to the lation medium. Transformed cells are collected, washed 
CEPRATE® system directions and CD34 + cells ehited by twice and resuspended in normal saline. The number of 
agitation of the column by manually squeezing the gel bed. 55 transduced cells used to infuse back into the patient per 
Once the CD34 + cells are purified, the purified stem cells are infusion is projected to be at a minimum of 1-1 0x1 0 7 cells 
counted and plated at a concentration of 1x10 s cells/ml in per patient per injection site requiring up to four injection 
Iscove's modified Dulbecco's medium (IMDM; Irvine sites. Infusion may be performed directly back into the 
Scientific, Santa Ana, Calif.) containing 20% pooled non- patient's bone marrow or directly into the peripheral blood 
heat inactivated human AB serum (hAB serum). 60 stream. Patients receiving autologous transduced bone mar- 

After purification, several methods of transducing purified row cells may be either partially or whole body irradiated, 
stem cells may be performed. One approach involves imme- to deplete existing bone marrow populations. Treatment may 
diate transduction of the purified stem cell population with be assessed at various time points post infusion to determine 
recombinant alphavirus particles contained in culture super- GC activity and for length of expression in differentiated cell 
natants derived from vector packaging or producing cells. A 65 types. If at some point during the course of follow-up 
second approach involves co-cultivation of an irradiated procedures expression decreases or is nonexistent, trans- 
monolayer of vector producing cells with the purified popu- duced autologous cells may be reinjected into the patient. 



129 

Example 12 

DETERMINATION OF VECTOR UNITS IN A 

PREPARATION BY INFECTION OF A 
REPORTER PROTEIN EXPRESSING CELL 5 
LINE UNDER THE CONTROL OF THE 
SINDBIS JUNCTION REGION 

DETERMINATION OF VECTOR UNITS IN A 

PREPARATION BY INFECTION OF A 0- 
GALACTOSIDASE EXPRESSING REPORTER 
CELL LINE 

In order to administer the proper therapeutic dose of 
vector to individuals, it is desirable to derive a method by 
which the vector infectious units contained in a preparation is 
can be determined easily. This is accomplished by the 
generation of a cell line which expresses p-galactosidase or 
another reporter gene only when functional Sindbis non- 
structural proteins are present in the cell. The cell line can be 
infected with increasing dilutions of a Sindbis vector prepa- 20 
ration such that individual cells are not infected with more 
than one vector particle, allowing the titer, or vector units, to 
be determined. Thus, the cell line is an assay of functional 
particles present in a vector preparation. 
A. GENERATION OF A CELL LINE WHICH 25 
EXPRESSES FUNCTIONAL p-GALACTOSIDASE PRO- 
TEIN UNDER THE CONTROL OF SINDBIS NON- 
STRUCTURAL PROTEINS 

In one configuration, a eukaryotic expression cassette is 
constructed which contains a 5*-end sequence capable of 30 
initiating transcription of Sindbis RNA, a Sindbis junction 
region, a reporter gene, and a 3*-end Sindbis RNA poly- 
merase recognition sequence for minus-strand synthesis. 
This cassette is positioned in an antisense orientation, adja- 
cent to a eukaryotic transcriptional promoter. Additionally, 35 
these constructs also may contain a catalytic ribozyme 
sequence immediately adjacent to Sindbis nucleotide 1 of 
the 5 '-end sequence which will result in cleavage of the 
primary RNA transcript precisely after this Sindbis nucle- 
otide. In this antisense orientation, the reporter gene cannot 40 
be translated and is dependent entirely on the presence of 
Sindbis nonstructural proteins for transcription into positive 
stranded mRNA prior to reporter gene expression. These 
non-structural proteins will be provided by the Sindbis 
vector preparation being titered. In addition, this 45 
configuration, if designed to contain the precise Sindbis 
genome 5'- and 3'-end sequences, will allow for the reporter 
gene transcripts to undergo amplification by utilizing the 
same nonstructural proteins provided by the Sindbis vector. 

An example of this antisense titering construction is as 50 
follows. Briefly, the plasmid pKSSINB V-lacZ (described in 
Example 6) is digested with the enzymes Apa I and Bam HI. 
This results in the removal of the Sindbis 5' and Sindbis 
nonstructural protein sequences. The 7 kbp fragment is 
purified on a 0.7% agarose gel. This fragment is ligated to 55 
a fragment obtained by digestion of pd5*26s (described in 
Example 7) with Apal and Bam HI followed by gel purifi- 
cation of the 0.4 kbp fragment containing the HDV 
ribozyme and 5* Sindbis sequences. The resulting construct 
is known as pKSd5*BV-lacZ. pKSdS'BV-IacZ is digested 60 
with Apa I and Pme I followed by purification of the 7.4 kbp 
fragment on a 0.7% agarose gel. This fragment contains the 
HDV ribozyme, Sindbis 5' end, junction region, LacZ gene, 
and Sindbis 3' end sequences. This fragment is ligated in the 
antisense orientation into pcDNA3 (Promega Corp., 65 
Madison, Wis.) by digestion of pcDNA3 with Apa I and 
EcoRV followed by GENECLEAN™ purification. The 
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resulting construct, containing a CMV promoter which 
transcribes an antisense reporter cassette RNA of the con- 
figuration Sindbis 3*-end sequence/LacZ gene/junction 
region/Sindbis 5'-end sequence/HD V ribozyme, is known as 
pSINjra-gal. 

BHKSINjra-gal cells are derived by transfection of 5x10 s 
BHK-21 cells, grown in a 60 mm petri dish, with 5 ug of the 
pSINjra-gal vector complexed with the polycation reagent 
Transfectam™ (Promega, Madison, Wis.). At 24 hour post- 
transfection, the media is supplemented with 400 ug/ml of 
G418 (GibcoBRL, Gaithersburg, Md.). After all non- 
transfected cells have died and G418 resistant colonies have 
begun dividing, the cells are removed from the plate by 
trypsinization, pooled, then cloned by limiting dilution. 
Several clones are tested for the production of functional 
P-galactosidase by infection with a known titer of a wild- 
type stock of Sindbis virus. Production of functional 
p-galactosidase in candidate BHKSINjra-gal clones is deter- 
mined 6 hours post-infection by first fixing PBS -rinsed cells 
with a solution containing 2% formaldehyde (37% stock 
solution)/0.2% glutaraldehyde, then staining the cells with a 
solution containing 0.5 mM potassium ferricyanide/0 J mM 
potassium ferrocyanide/2 mM MgCT^/l mg/ml X.gal. Blue 
cells are clearly visible within 3 hours. Provided that the 
Sindbis virus stock does not contain a high level of defective 
interfering (DI) particles, the virus titer as determined by 
plaque assay on BHK-21 cells should be similar to the titer 
observed by X-gal staining on BHKSINjra-gal cells. 

The titer of various alphavirus vector preparations, in 
vector units, produced from packaging cell lines such as 
those described in Example 7, is determined by infection of 
confluent monolayers of BHKSINjra-gal cells with several 
dilutions of vector. The titer of the vector preparation is 
determined at 6 hour post-infection by visualization of cells 
producing p-galactosidate protein, as described above. Since 
the alphavirus vectors described do not contain the viral 
region corresponding to the structural genes, it is not pos- 
sible to determine the titer of a vector preparation by plaque 
assay in BHK-21 cells. 

Alternatively, a titering cell line is produced by using a 
different reporter cassette configuration, which consists of a 
eukaryotic promoter/5'-end Sindbis sequence recognized by 
the viral transcriptase/Sindbis junction region/reporter gene/ 
Sindbis RNA polymerase recognition sequence for minus- 
strand synthesis, and is expressed in a sense-orientation. 
This reporter expression cassette requires synthesis, by 
vector-supplied Sindbis nonstructural proteins, into an anti- 
sense RNA molecule, prior to transcription of the subge- 
nomic message encoding the reporter gene. 

Specifically, the sense-orientation packaging construct is 
created as follows. Plasmid p VGELVIS is digested with the 
enzyme Apa I, which cleaves at nucleotide 11737, just 
downstream of the Sindbis 3'-end. The Apa I-digested DNA 
is blunt-ended by the addition of T4 DNA polymerase and 
dNTPs and incubation at 16° C. for 10 minutes. After heat 
inactivation of the polymerase, the DNA fragment is 
digested with the enzyme Sfi I, and the 10041 bp fragment 
is purified in a 1% agarose gel. Plasmid pSKSINBV-lacZ is 
digested with the enzymes Pme I and Sfi I. The 6.4 kbp 
fragment is purified in a 1% agarose gel. The 6.4 kbp 
pSKSINBV-lacZ fragment then is ligated into the purified 
pVGELVIS fragment to create the plasmid pELVIS-gal. 
This plasmid contains the complete Sindbis nonstructural 
proteins, Sindbis junction region, LacZ gene and Sindbis 
3'-end replicase recognition sequence under the control of 
the MuLV LTR promoter. Plasmid pELVIS-gal is digested 
with Bsp EI, purified by GENECLEAN (Bio 101 Corp., San 
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Diego, Calif.) and religated to itself. Bsp El removes the An alternate reporter for a titering construct based upon 

Sindbis nonstructural protein gene sequences between nts the sense configuration of the reporter gene and requiring the 

422-7054. The re-ligated construct contains a 5* sequence nonstructural proteins for expression utility is luciferase. 

that is capable of initiating transcription of Sindbis RNA, Again, the non-structural proteins are supplied in trans by 

Sindbis junction region, sequences encoding the LacZ gene, 5 the Sindbis vector preparation being titered. To generate this 

and Sindbis 3'-end sequences required for synthesis of the construct, pELVIS-luc is digested with Eco 47 III and Hpa 

minus-strand RNA, all downstream, and under the transcrip- \ These digests remove nucleotides 1407-6920 from within 

tional control of a MuLV-LTR promoter. This construct is the non-structural coding region. After heat inactivation of 

known as pELVISdlNSP-gal. the enzymes, the digested vector is religated under dilute 

Plasmid pELVISdlNSP-gal is transfected into BHK-21 10 conditions. This construct is known as pELVlSdlE-Hluc 

cells and tested as described previously. The BHK The construct is transfected into BHK cells and utilized as 

pELVISdlNSP-gal cells produces an RNA transcript with a described previously. 
5'-end sequence that is recognized by the Sindbis 

transcriptase, a Sindbis junction region, sequences encoding Example 13 

the LacZ gene, and Sindbis 3*-end sequences required for 15 

synthesis of the minus-strand RNA. p-galactosidase expres- CFMF RATION OF VPnriR rnM«?TRiir-rc 

sion from the primary transcript is prevented because of an ^^S^S^^I^S^Se 

upstream open-reading frame and stop codons created by the t^J^kT^ ?5 J^S^l I2^IS^ 

Bsp El deletion. The addition of Sindbis nonstructural INDUCTION OF AN IMMUNE RESPONSE 

proteins, provided by the Sindbis vector being titered, results 20 A. ISOLATION OF HBV E/CORE SEQUENCE 

in transcription of active LacZ transcripts from the Sindbis A 1.8 Kb fragment containing the entire precore/core 

junction region, after initial synthesis of an antisense inter- coding region of hepatitis B is obtained from plasmid pAM6 

mediate. Furthermore, this configuration, if designed to (ATCC No 45020) following Bam HI digestion and gel 

contain the precise Sindbis genome 5- and 3'-end sequences, purification, and ligated into the Bam HI site of KS 11+ 

allows the reporter gene transcripts to undergo amplification 25 (Stratagene, La Jolla, Calif.). This plasmid is designated KS 

by utilizing the same nonstructural proteins provided by the 11+ HBpc/c. Xho I linkers are added to the Stu I site of 

Sindbis vector. precore/core in KS 11+ HBpc/c (at nucleotide sequence 

In another configuration, a titering cell line is produced 1,704), followed by cleavage with Hinc II (at nucleotide 

using an expression cassette containing an antisense reporter sequence 2,592). The resulting 877 base pair Xho I-Hinc II 

gene followed by the 3'-end alphavirus replicase recognition 30 precore/core fragment is cloned into the Xho I/Hinc II site 

sequences, positioned in the sense-orientation. This of SK n+. This plasmid is designated SK+HBe. 

construct, under the control of a eukaryotic promoter, pro- b . PREPARATION OF SEQUENCES UTILIZING PCR 

duces an RNA transcript that is recognized and transcribed SITE-DIRECTED MUTAGENESIS OF HBV 

by dphavirus nonstructural proteins provided by the vector e/cORE SEQUENCE UTILIZING PCR 

to be titered. The alphavirus nonstructural proteins re cog- 35 

nize sequences in the primary reporter transcript, and in turn, ^ P rec °re/core gene in plasmid KS 11+ HB pc/c is 

synthesize a sense reporter transcript. This construct does sequenced to determine if the precore/core coding region is 

not benefit from amplification of the reporter gene transcript, correct * This sec J ueoce was found to have a sin g! e base-pair 

but should still provide sufficient transcripts to allow for deletion which causes a frame shift at codon 79 that results 

vector titering. 40 ^ two consecutive in-frame TAG stop codons at codons 84 

Construction of this type of titering cassette is as follows. ^ 85 * lhis deletion ^ corrected by PCR overlap extension 

Briefly, pSV-P-galactosidase vector (Promega Corp., 0 10 et Gene 77:51 ' 1989 ) of Picons/core coding 

Madison, Wis.) is digested with the enzyme Hind III and n & aa m P lasmid SK+ ™e. Four oligonucleotide primers 

blunt-ended as described above. The plasmid is further m used for me 3 PCR tactions performed to correct the 

digested with the enzymes Bam HI and Xmn I to remove the 45 deletion - 

LacZ gene, and reduce the size of the remaining fragment. Th e 0151 reaction utilizes two primers. The sense primer 

The 3737 nt fragment, containing the LacZ gene, is purified sequence corresponds to the nucleotide sequence 1,805 to 

in a 1% agarose gel and ligated into pcDNA3 (Invitrogen, 1327 of the adw strain and contains two Xho I restriction 

San Diego, Calif.) that has been digested with the enzymes sites at the 5' end. The nucleotide sequence numbering is 

Bam HI and Eco RV. The new plasmid construct is known 50 obtained from Genbank (Intelligences, Inc., Mountain View, 

as pcDNAaLacZ. This plasmid is digested with the enzyme Calif.). 
Apa I, blunt-ended as above, and further digested with the 

enzyme Xho I. Plasmid pSKSINBV (described previously) ~ — 

is digested with Sac I, blunt-ended as before, and then ^ ffi GA ^ GAG CCA CCA GCA CCATGC aac ttt tt-j 

digested with Xho I. The resulting 146 nt fragment contain- 55 ' . 

ing the Sindbis 3* replicase recognition sequence is purified 

in a 1.2% agarose gel, ligated into the digested pcDNAa- The second primer sequence corresponds to the anti-sense 

LacZ vector. The re-ligated construct contains an antisense nucleotide sequence 2,158 to 2,130 of the adw strain of 

LacZ gene and a 3* Sindbis replicase protein recognition hepatitis B virus, and includes codons 79, 84 and 85. 

sequence downstream from a CMV promoter. The resulting 60 

construct is known as pcDNAaLacZ-3'Sio. The construct is 

transfected into BHK cells and utilized as described previ- ^*™ G ^ CCC TAGArocrGGArcrr 

ously. (SEQ.rPKO.93) 



B . GENERATION OF A CELL LINE WHICH 

EXPRESSES FUNCTIONAL LUCIFERASE PROTEIN 65 The second reaction also utilizes two primers. The sense 

UNDER THE CONTROL OF SINDBIS NONSTRUC- primer corresponds to nucleotide sequence 2,130 to 2,158 of 

TURAL PROTEINS. the adw strain, and includes codons 79, 84 and 85. 
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5-GGA AGA TCC AGC Air TAG GGA TCT AGT AG-3' 
(SEQ. ID NO. 94) 



The second primer corresponds to the anti-sense nucle- 
otide sequence from SK+ plasmid polylinker and contains a 
da I site 135 bp downstream of the stop codon of the HBV 
precore/core coding region. 



5*-GGG CGA TAT CAA GCT TAT CGA TAC CG-3' 
(SEQ. ID NO. 95) 



The third reaction also utilizes two primers. The sense 
primer corresponds to nucleotide sequence 5 to 27 of the 
adw strain, and contains two Xho I restriction sites at the 5' 
end. 



5-CTC GAG CTC GAG GCA CCA GCA CCA TGC AAC TTT TT 20 
(SEQ. ID NO. 92) 



The second primer sequence corresponds to the anti-sense 
nucleotide sequence from the SK+ plasmid polylinker and 
contains a Cla I site 135 bp downstream of the stop codon 25 
of the HBV precore/core coding region. 



5-GGG CGA TAT GAA GCT TAT GCA TAC CG-3* 
(SEQ. ID NO. 96) 



The first PGR reaction corrects the deletion in the anti- 
sense strand and the second reaction corrects the deletion in 
the sense strands. PCR reactions one and two correct the 
mutation from CC to CCAvwhich occurs in codon 79 and a 35 
base pair substitution from TCAto TCT in codon 81. Primer 
1 contains two consecutive Xho I sites 10 bp upstream of the 
ATG codon of HBV e coding region and primer 4 contains 
a Cla I site 135 bp downstream of the stop codon of HBV 
precore/core coding region. The products of the 'first and 40 
second PCR reactions are extended in a third PCR reaction 
to generate one complete HBV precore/core coding region 
with the correct sequence. 

The PCR reactions are performed using the following 
cycling conditions: The sample is initially heated to 94° C. 45 
for 2 minutes. This step, called the melting step, separates 
the double-stranded DNA into single strands for synthesis. 
The sample is then heated at 56° C. for 30 seconds. This 
step, called the annealing step, permits the primers to anneal 
to the single stranded DNA produced in the first step. The 50 
sample is then heated at 72° C. for 30 seconds. This step, 
called the extension step, synthesizes the complementary 
strand of the single stranded DNA produced in the first step. 
A second melting step is performed at 94° C. for 30 seconds, 
followed by an annealing step at 56° C. for 30 seconds 55 
which is followed by an extension step at 72° C. for 30 
seconds. This procedure is then repeated for 35 cycles 
resulting in the amplification of the desired DNA product. 

The PCR reaction product is purified by 1.5% agarose gel 
electrophoresis and transferred onto NA 45 paper 60 
(Schleicher and Schuell, Keene, N.H.). The desired 787 bp 
DNA fragment is eluted from the NA45 paper by incubating 
for 30 minutes at 65° C. in 400 1 high salt buffer (15M Nad, 
20 mM Tris, pH 8.0, and 0.1 mM EDTA). Following ehition, 
500 /d of phenol:chloroform:isoamyl alcohol (25:24:1) is 65 
added to the solution. The mixture is vortexed and then 
centrifuged 14,000 rpm for 5 minutes in a Brinkmann 
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Eppendorf centrifuge (5415L). The aqueous phase, contain- 
ing the desired DNA fragment, is transferred to a fresh 1.5 
ml microfuge tube and 1.0 ml of 100% EtOH is added. This 
solution is incubated on dry ice for 5 minutes, and then 
centrifuged for 20 minutes at 10,000 rpm. The supernatant 
is decanted, and the pellet is rinsed with 500 1 of 70% EtOH. 
The pellet is dried by centrifugation at 10,000 rpm under 
vacuum, in a Savant Speed- Vac concentrator, and then 
resuspended in 10 1 deionized H 2 0. One microliter of the 
PCR product is analyzed by 1.5% agarose gel electrophore- 
sis. The 787 Xho I-Cla I precore/core PCR amplified frag- 
ment is cloned into the Xho I-Cla I site of SK+ plasmid. This 
plasmid is designated SK+HBe-c. E. coli (DH5 alpha, 
Bethesda Research Labs, Gaithersburg, Md.) is transformed 
with the SK+HBe-c plasmid and propagated to generate 
plasmid DNA. The plasmid is then isolated and purified, 
essentially as described by Birnboim et al. (Nuc. Acid Res. 
7:1513, 1979; see also Molecular Cloning: A Laboratory 
Manual, Sambrook et al. (eds.), Cold Spring Harbor Press, 
1989). The SK+HBe-c plasmid is analyzed to confirm the 
sequence of the precore/core gene (FIG. 4). 
2. ISOLATION OF HBV CORE SEQUENCE 
The single base pair deletion in plasmid SK+HBe is 
corrected by PCR overlap extension as described above in 
Example 13B. Briefly, four oligonucleotide primers are used 
for the PCR reactions performed to correct the mutation. 

The first reaction utilizes two primers. The sense primer 
corresponds to the nucleotide sequence for the T-7 promoter 
of SK+HBe plasmid 



S'-AAT ACG ACT CAC TAT AGG G-3' 
(SEQ. ID NO. 97) 



The second primer corresponds to the anti-sense sequence 
2,158 to 2,130 of the adw strain, and includes codons 79, 84 
and 85. 



5'-CTA CTA GAT COC TAG ATG CTG GAT CTT CC-3* 
(SEQ. ID NO. 98) 



The second reaction utilizes two primers. The anti-sense 
primer corresponds to the nucleotide sequence for the T-3 
promoter present in SK+HBe plasmid. 



5'-3': ATT AAC CCT CAC TAA AG 
(SEQ. ID NO. 99) 



The second primer corresponds to the sense nucleotide 
sequence 2,130 to 2,158 of the adw strain, and includes 
codons 79, 84 and 85. 



5 -GGA AGA TCC AGC ATC TAG GGA TCT AGT AG-3' 
(SEQ. ID NO. 100) 



The third reaction utilizes two primers. The anti-sense 
primer corresponds to the nucleotide sequence for the T-3 
promoter present in SK+HBe plasmid. 



5'-ATT AAC CCT CAC TAA AG-3' 
(SEQ. ID NO. 101) 



The second primer corresponds to the sense sequence of 
the T-7 promoter present in the SK+HBe plasmid. 
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Construction of a Sindbis vector expressing the HBVe 

sequence is accomplished by digesting the SK* HB e-c 

(s^m^o mT P lasmid with X* 10 1 and Xba I to release the cDNA fragment 

' encoding HBVe-c sequences. The fragment is then isolated 

5 by agarose gel electrophoresis, purified by 
Trie PCR product from the third reaction yields the correct GENECLEAN™, and inserted into pKSSINBV (see 
sequence for HBV precore/core coding region. Example 3), prepared by digestion with Xho I and Xba I, and 

To isolate HBV core coding region, a primer is designed Uc ^ d ^ ^ vector fa designated pK SSIN-HBe. 

to introduce the Xho I restriction site upstream of the ATG simUar vectors may also be made from other Sindbis vectors 
start codor .of the core axLng re^^d eliminate the 29 1Q descri5ed in E lc ^ such fof ex lc> 
ammo acid leader sequence of the HBV precore coding VCCIXI , 1TO . irc J mJ1 ' . „ ™^iv TJ r ™ • 
region. In a fourth reaction, the HBV core coding region if ^f^^J^^^^ pKSSINdl S ** NP 
produced using the PCR product from the third reaction and C 75 * 2 " 7601 ) and pISSINdlJRsexjr. 
the following two primers. Construction of a Sindbis vector expressing the HBV core 

The sense primer corresponds to the nucleotide sequence sequence is accomplished by digestion of plasmid SK+HBc 
1385 to 1,905 of the adw strain and contains two Xho I sites 15 ( descnbed above) with Xho I and Xba I. The HBc fragment 
at the 5* end. k isolated by agarose gel electrophoresis, purified by 

GENECLEAN™ and ligated into pKSSINBV at the Xho I 
and Xba I sites. This Sindbis- HBc vector is designated 

5 -CCT CGA CGT CGA GCT TGG GTG GCT TTG GGG CAT G-3' pKSSIN-HBc. 

(seq. id NO. 103) 20 Construction of a Sindbis vector expressing the HBV-X 

antigen sequence is accomplished by digesting the plasmid 
The second primer corresponds to the anti-sense nucle- SK-X Ag with Xho I and Xba I to release a cDNA fragment 
otide sequence for the T-3 promoter present in the SK+HBe encoding HBV-X sequences. The fragment is isolated by 
plasmid. The approximately 600 bp PCR product from the agarose gel electrophoresis, purified using 

fourth PCR reaction contains the HBV core coding region 25 GENECLEAN™, and inserted into pKSSINBV, pre -treated 
and novel Xho I restriction sites at the 5' end and Cla I with Xho I and Xba I enzymes. This Sindbis-HBx vector is 
restriction sites at the 3' end that was present in the multi- designated pKSIN-HBx. 

cloning site of SK + HBe plasmid. The above Sindbis HBV expressing vectors may also be 

modified to coexpress a selectable drug resistance marker 

SnllrrMXOaCAC1AAM ^ 30 dependent on the requirements of the experiment or treat- 
(seq. id no. 104) ment of tne vector infected cells. In particular, any of the 

above Sindbis HBV expression vectors described may also 

_ „ . , , nm be designed to coexpress G418 resistance. This is accom- 

FoUowmg toe fourth PCR reaction, the solution !s trans- ^ b mcorporatmg ^ mternal rfbosoinal entry site 

f 3 . . - ^TfT ?fiy nuaolto. 35 (Example 5) followed by the bacterial neomycin phospho- 

01 3M sodium acetate is added to this solution followed by > f „ , , ¥ ™/ j* j 

500^1 of chloroformrisoamyl alcohol (24:1). The mixture is ^f^T? g ^ I f t HBVc ° dmg and 

vortexed and then centrifuged at 14,000 rpm for 5 minutes. 5 , of terau ? al u 3 end of * e vector using the multiple 

The aqueous phase is transferred to a fresh microfuge tube clomn S Slte °[ te vector * 0418 resislant vector 

and 1.0 ml 100% EtOH is added. This solution is incubated constructs can be used for selecting vector infected cells for 

at -20° C for 4.5 hours, and then centrifuged at 10,000 rpm 40 me g eneration of HBV specific CTL targets m the following 

for 20 minutes. The supernatant is decanted, and the pellet sections. 

rinsed with 500 ^ of 70% EtOH. The pellet is dried by D EXPRESSION IN INFECTED CELLS WITH SINDBIS 

centrifugation at 10,000 rpm under vacuum and then resus- VECTORS 

pended in 10 p deionized ^O. One microliter of the PCR L ELISA 

product is analyzed by 1.5% agarose gel electrophoresis. 45 Cell lysates from cells infected by any of the HBV 

The approximately 600 bp Xho I-Cla I HBV core PCR expressing vectors are made by washing l.OxlO 7 cultured 

fragment is cloned into the Xho I-Cla I site of SK + plasmid. cells with PBS, resuspending the cells to a total volume of 

This plasmid is designated SK+HBc. 600 fi\ in PBS, and sonicating for two 5 -second periods at a 

3. ISOLATION OF HBV X ANTIGEN setting of 30 in a Branson sonicator, Model 350 (Fisher, 
A 642 bp Nco I — Taq I fragment containing the hepatitis 50 Pittsburgh, Pa.) or by freeze thawing three times. Lysates are 

B virus X open reading frame is obtained from the pAM6 clarified by centrifugation at 10,000 rpm for 5 minutes, 

plasmid (adw) (ATCC 45020), blunted by Klenow fragment, Core antigen and precore antigen in cell lysates and 

and ligated into the Hinc II site of SK + (Stratagene, La Jolla, secreted e antigen in culture supernatant are assayed using 

Calif.). E. coli (DH5, Bethesda Research Laboratories, the Abbott HBe, rDNA EIA kit (Abbott Laboratories Diag- 

Gaithersburg, Md.) is transformed with the ligation reaction 55 nostic Division, Chicago, HI.). Another sensitive EIA assay 

and propagated. for precore antigen in cell lysates and secreted e antigen in 

Since this fragment can be inserted in either orientation, culture supernatant is performed using the Incstar ETT-EB 

clones are selected that have the sense orientation with kit (Incstar Corporation, Stillwater, Minn.). A standard curve 

respect to the Xho I and Cia I sites in the SK* multicloning is generated from dilutions of recombinant hepatitis B core 

site. More specifically, miniprep DNAs are digested with the 60 and e antigen obtained from Biogen (Geneva, Switzerland), 

diagnostic restriction enzyme, Bam HI. Inserts in the correct As shown in FIG. 16, using these procedures approxi- 

orientation yield two fragments of 3.0 Kb and 0.6 Kb in size. mately 100-200 ng/rml HBV e antigen is expressed in the 

Inserts in the incorrect orientation yield two fragments of 3.6 cell lysates and 300-400 ng/ml HBV e antigen is secreted 

Kb and 0.74 Kb. A clone in the correct orientation is selected from BHK cells infected with the Sin BV HB e vector, 

and designated SK-X Ag. 65 As shown in FIG. 17, using these procedures, approxi- 

4. CONSTRUCTION OF SINDBIS VECTORS mately 40 ng/ml HBV core antigen is expressed in the cell 
EXPRESSING HBVE, HBV CORE AND HBV X lysates from 10 6 BHK cells infected with the Sin BV 
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HBcore. Mouse fibroblast cells infected with the recombi- RPMI medium. (RPMI containing: 5% heat inactivated 

nant HBcore Sindbis vector express 6-7 fold higher HBV Fetal Bovine Serum, two raM L-glutamine, 1 mM sodium 

core protein levels than the recombinant HBcore retroviral pyruvate, lx non essential amino acids, and 5xlO~ 5 M 

vector transduced cells (WO 93/15207). As shown in FIG. 2-mercaptoethanol). Stimulator cells for in vitro stimulation 

18, using these procedures, approximately 12-14 ng/ml 5 of effector cells are generated from irradiated retroviral 

HBV core antigen is expressed in the cell lysates from 10 6 vector transduced (10,000 rads) L-M (TK-) cells. "Filler" 

L-M(TK-) cells infected with the SinBVHBcore vector as cells are prepared from naive syngeneic mouse spleen cells 

compared to the approximately 2 ng/ml HBV core antigen resuspended in RPMI, irradiated with 3,000 rads at room 

expressed from recombinant HBcore retroviral vector trans- temperature. Splenocytes are washed with RPMI, centri- 
ducer cells. 10 fuged at 3,000 rpm for 5 minutes at room temperature, and 

2. IMMUNOPREOPITAnON/WESTERN BLOT the pellet is resuspended in RPMI. The resuspended cells are 

Characterization of the precore/core and e antigens treated with 1.0 ml tris-ammonium chloride (100 ml of 

expressed by vector infected cells is performed by immu- 0.17M tris base, pH 7.65, phis 900 ml of 0.155M NH 4 C1; 

noprecipitation followed by Western blot analysis. final solution is adjusted to a pH of 7.2) at 37° C. for 3-5 
Specifically, 0.5-1.0 ml of cell lysate in PBS or culture 15 minutes. The secondary in vitro restimulation is then cul- 

superaatant is mixed with polyclonal rabbit anti-hepatitis B hired for 5-7 days before testing in a CTL assay. Any 

core antigen (DAKO Corporation, Carpinteria, Calif.) bound subsequent rest imul alio ns are cultured as described above 

to protein G-Sepharose (Pharmacia LKB, Uppsala, Sweden) with the addition of 2-10 U of recombinant human IL-2 (200 

and incubated overnight at 4° C. Samples are washed twice U/ml, catalog #799068, Boehringer Mannheim, W. 
in 20 mM Tris-HCl, pH 8.0, 100 mM Nad, 10 mM EDTA 20 Germany). 

and boiled in sample loading buffer with 0.5% Using these procedures, it can be shown that CTLs to 

2-mercaptoethanol. Proteins are first resolved by SDS poly- HBV e antigen can be induced, 

acrylamide gel electrophoresis, and then transferred to (b) HLAA2.1 Transgenic Mice 

Immobilon (Millipore Corp., Bedford, Me.) and probed with Six- to eight-week-old female HLAA2.1 transgenic mice 
the DAKO polyclonal rabbit anti-hepatitis B core antigen, 25 (V. Engelhard, Charlottesville, Va.) are injected twice intra- 
followed by 12S I-protein A. peritoneally (i.p.) at one week intervals with l.OxlO 6 pfu of 
E. TESTING IMMUNE RESPONSE Sindbis vector expressing HBe or HBcore. Animals are 
1. CYTOTOXICITY ASSAYS sacrificed 7 days later and the splenocytes (3xl0 6 /ml) cul- 
(a) Inbred Mice tured in vitro with irradiated (10,000 rads) retroviral vector 
Six- to eight-week-old female C3H/He mice (Charles 30 transduced Jurkat A2/K 6 cells (WO 93/15207), or with 
River, Ma.) are injected twice intraperitoneally (i.p.) at 1 peptide coated Jurkat A2/K* cells (6xl0 4 /ml) in flasks (T-25, 
week intervals with lxlO 6 of Sindbis HBe or HBCore Coraiming, Corning, N.Y.). The remainder of the chromium 
vector. Animals are sacrificed 7 or 14 days later and the release assay is performed as described in Example 13E l.a, 
splenocytes (3xl0 6 /ml) cultured in vitro with their respec- where the targets are transduced and non-transduced EL4 
live irradiated (10,000 rads) retroviral vector transduced 35 A2/K b (WO 93/15207) and Jurkat A2/K b cells. Non- 
cells (6xl0 4 /ml) (WO 93/15207) in T-25 flasks (Corning, transduced cell lines are utilized as negative controls. The 
Corning, N.Y.). Culture medium consists of RPMI 1640, 5% targets may also be peptide coated EM A2/K fo cells, 
heat-inactivated fetal bovine serum, 1 mM sodium pyruvate, (c) Transduction of Human Cells With Vector Construct 
50 ug/ml gentamycin and 10" S M 2-mercaptoethanol (Sigma, Lymphoblastoid cell lines (LCL) are established for each 
St. Louis, Mo.). Effector cells are harvested 4-7 days later 40 patient by infecting (transforming) their B -cells with fresh 
and tested using various effectontarget cell ratios in 96 well Epstein-Barr virus (EBV) taken from the supernatant of a 
microliter plates (Corning, Coming, N.Y.) in a standard 3-week-old culture of B95-8, EBV transformed marmoset 
chromium release assay. Targets are the retroviral vector leukocytes (ATCC CRL 1612). Three weeks after EBV- 
transduced L-M(TK-) cells (ATCC No. CCL 13) whereas transformation, the LCL are infected with Sindbis vector 
the non-transduced syngeneic cell lines are used as negative 45 expressing HBV core or e antigen and G418 resistance, 
controls. CTL targets may also be generated by infecting Vector infection of LCL is accomplished by infecting LCL 
syngeneic cells with the Sindbis HBe or HBcore vector cells with packaged alphavirus vector particles produced 
coexpressing the G418 resistance marker. Infected cells are from the appropriate cell line The culture medium consists 
then selected using 800 g/ml G418 for two weeks. of RPMI 1640, 20% heat inactivated fetal bovine serum 
Specifically, Na^CrtVlabeled (Amersham, Arlington 50 (Hyclone, Logan, Utah), 5.0 mM sodium pyruvate and 5.0 
Heights, I11.X100 uQ, 1 hour at 37° C.) target cells (lxlO 4 mM non-essential amino acids. Infected LCL cells are 
cells/well) are mixed with effector cells at various effector to selected by adding 800 ^g/mml G418. The Jurkat AJK b 
target cell ratios in a final volume of 200 fA. Following cells (L. Sherman, Scripps Institute, San Diego, Calif.) are 
incubation, 100 ul of culture medium is removed and infected essentially as described for the infection of LCL 
analyzed in a Beckman gamma spectrometer (Beckman, 55 cells. 
Dallas, Tex.). Spontaneous release (SR) is determined as (d) Human CTL assays 

CPM from targets phis medium and maximum release (MR) Human PBMC are separated by Ficoll (Sigma, St. Louis, 

is determined as CPM from targets plus 1M HQ. Percent Mo.) gradient centrifugation. Specifically, cells are centri- 

target cell lysis is calculated as: [(Effector cell+target CPM) fuged at 3,000 rpm at room temperature for 5 minutes. The 

-(SR)/(MR)-(SR)]xl00. Spontaneous release values of tar- 60 PBMCs are restimulated in vitro with their autologous 

gets are typically 10^-20% of the MR. retroviral vector transduced (WO 93/15207) LCL or HLA- 

For certain CTL assays, the effectors may be in vitro matched cells at an effectontarget ratio of 10:1 for 10 days, 

stimulated multiple times, for example, on day 8-12 after Culture medium consists of RPMI 1640 with prescreened 

the primary in vitro stimulation. More specifically, 10 7 lots of 5% heat-inactivated fetal bovine serum, 1 mM 

effector cells are mixed with 6x10 s irradiated (10,000 rads) 65 sodium pyruvate and 50 /ig/ml gentamycin. The resulting 

stimulator cells, and 2xl0 7 irradiated (3,000 rads) "filler" stimulated CTL effectors are tested for CTL activity using 

cells (prepared as described below) in 10 ml of "complete" Sindbis vector infected autologous LCL or HLA-matched 
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cells as targets in the standard chromium release assay, subjects in chimpanzee trials will receive four doses of 

Example 13 l.a. Since most patients have immunity to EBV, vector encoding core or e antigen at 7 day intervals given in 

the non-transduced EBV-transformed B -cells (LCL) used as two successively escalating dosage groups. Control subjects 

negative controls, will also be recognized as targets by will receive a placebo comprised of formulation media. The 

EBV-specific CTL along with the transduced LCL. In order 5 dosage will be either 10 7 or 10 s pfu given in four 1.0 ml 

to reduce the high background due to killing of labeled target injections i.m. on each injection day. Blood samples will be 

cells by EBV-specific CTL, it is necessary to add unlabeled drawn on days 0, 14, 28, 42, 56, 70, and 84 in order to 

non-transduced LCL to labeled target cells at a ratio of 50:1. measure serum alanine aminotransferase (ALT) levels, the 

2. DETECTION OF HUMORAL IMMUNE RESPONSE presence of hepatitis B e antigen, the presence of antibodies 
Humoral immune responses in mice specific for HBV 10 directed against the hepatitis B e antigen, serum HBV DNA 

core and e antigens are detected by ELISA. The EUSA levek tnd to assess safety and tolerability of the treatment, 

protocol utilizes 100 /*g/well of recombinant HBV core and ^ ne P atitis B e antigen and antibodies to HB e antigen is 

recombinant HBV e antigen (Biogen, Geneva, Switzerland) detected by Abbott HB e rDNAEIAkit (Abbott Laboratories 

to coat 96-well plates. Sera from mice immunized with Diagnostic Division, Chicago, 111.) and the serum HBV DNA 

vector expressing HBV core or HBV e antigen are then levels ^ determined by the Chiron bDNA assay. Efficacy of 
serially diluted in the antigen-coated wells and incubated for 15 ^ mductioD of C 11 ^ against hepatitis B core or e antigen 

1 to 2 hours at room temperature. After incubation, a mixture can determined as in Example 13E I.e. 

of rabbit anti-mouse IgGl, IgG2a, IgG2b, and IgG3 with Based on ^ and efficacy results from the chim- 

equivalent titers is added to the wells. Horseradish peroxi- panzee studies, the dosage and inoculation schedule is 

dase ("HRP>conjugated goat anti-rabbit anti-serum is determined for administration of the vector to subjects in 

added to each well and the samples are incubated for 1 to 2 20 bumaxi T^ese subjects are monitored for serum ALT 

hours at room temperature. After incubation, reactivity is ! evels > P resence of ™ v e antigen, the presence of antibod- 

visualized by adding the appropriate substrate. Color will ies directed against the HBV e antigen and serum HBV DNA 

develop in wells that contain IgG antibodies specific for levcls essentially as described above. Induction of human 

HBV core or HBV e antigen. CTLs against hepatitis B core or e antigen is determined as 

3. T CELL PROLIFERATION 25 ^ Example 13E I.e. 

Antigen induced T-helper activity resulting from two or G GENERATION OF ELVIS VECTOR CONSTRUCTS 

three injections of Sindbis vector expressing HBV core or e WHICH EXPRESS HBV ANTIGENS FOR THE INDUC- 

antigen, is measured in vitro. Specifically, splenocytes from 0F AN IMMUNE RESPONSE 

immunized mice are restimulaled in vitro at a predetermined 1- CONSTRUCTION OF ELVIS VECTORS EXPRESS- 

ratio with cells expressing HBV core or e antigen or with 30 ING HBVE-C. HBV CORE AND HBV X 

cells not expressing HBV core or e antigen as a negative Construction of an ELVIS vector expressing the HBV e 

control. After five days at 37° C. and 5% C0 2 in RPMI 1640 antigen is accomplished by digesting the SK + HB e-c plas- 

culture medium containing 5% FBS, 1.0 mM sodium pyru- mid with Xho I and Not I to release the cDNA fragment 

vate and 10" 5 2-mercaploethanol, the supernatant is tested encoding HBVe-c sequences. The fragment is then isolated 

for IL-2 activity. IL-2 is secreted specifically by T-helper by agarose gel electrophoresis, purified using 

cells stimulated by HBV core ore antigen, and its activity is 35 GENECLEAN™, and inserted into pVGELVIS-SINBV- 

measured using the CTL clone, CTLL-2 (ATCC TIB 214). linker vector, previously prepared by digestion with Xho I 

Briefly, the CTLL-2 clone is dependent on 11^2 for growth and Not I. This construct is designated pVGELVIS-HBe. 

and will not proliferate in the absence of IL-2. CTLL-2 cells The HBcore PCR product described previously is 

are added to serial dilutions of supernatant test samples in a digested with Xho I and Cla I, isolated by agarose gel 

96-well plate and incubated at 37° C. and 5%, C0 2 for 3 40 electrophoresis, purified using GENECLEAN™, and ligated 

days. Subsequently, 0.5// d 3 H-thymidine is added to the into SK+II (Bluescript, Stratagene, Calif.) digested with 

CTLL-2 cells. 0.5Ci ^-thymidine is incorporated only if Xho I and Cla I. This construct is designated SK+HBcore. 

the CTLL-2 cells proliferate. After an overnight incubation, Construction of the ELVIS vector expressing the HBV core 

cells are harvested using a PHD cell harvester (Cambridge sequence is accomplished by digesting the SK + HBcore 

Technology Inc., Watertown, Mass.) and counted in a Beck- 45 plasmid with Xho I and Not I to release the cDNA fragment 

man beta counter. The amount of IL-2 in a sample is encoding HBVcore sequences. The fragment is then isolated 

determined from a standard curve generated from a recom- by agarose gel electrophoresis, purified using 

bin ant IL-2 standard obtained from Boehringer Mannheim GENECLEAN™, and inserted into pVGELVIS-SINBV- 

(Indianapolis, Ind.). linker vector, prepared by digestion with Xho I and Not I. 

F. ADMINISTRATION PROTOCOLS ^ This construct is designated pVGELVIS-HBcore. 

1. MICE Construction of the ELVIS vector expressing the HB V-X 
(a) Direct Vector Administration antigen sequence is accomplished by digesting the plasmid 
The mouse system may also be used to evaluate the SK-XAg with Xho I and Not I to release the cDNA fragment 

induction of humoral and cell-mediated immune responses encoding HBV-X sequences. The fragment is then isolated 

with direct administration of Sindbis vector encoding HBV „ Dv agarose gel electrophoresis, purified using 

core or e antigen. Briefly, six- to eight-week-old female GENECLEAN, and inserted into the pVGELVIS-SINBV- 

C3H/He mice are injected intramuscularly (i.m.) with 0.1 ml tinker vector, prepared by digestion with Xho I and Not I. 

of reconstituted (with sterile deionized, distilled water) or construct is designated pVGELVIS-HBX. 

intraperitoneally (ip) with 1.0 ml of lyophilized HBV core or Any of the above three constructs can be used for select- 

HBV e expressing Sindbis vector. Two injections are given m g vector infected cells for the generation of HBV specific 

one week apart. Seven days after the second injection, the 60 targets in the following sections, 

animals are sacrificed. Chromium release CTL assays are 2 - EXPRESSION OF TRANS FECTED CELLS WITH 

then performed essentially as described in Example 13E l.a. ELVIS VECTORS 

2. CHIMPANZEE ADMINISTRATION PROTOCOL The pVGELVIS-HBe plasmid DNA is isolated and 
The data generated in the mouse system described above purified, and 2 ug of pVGELVIS-HBe DNA is complexed 

is used to determine the protocol of administration of vector 65 with 10 ul of LIPOFECTAMINE™ and transfected into 

in chimpanzees chronically infected with hepatitis B virus. 2x10 s BHK cells contained in 35 mM petri plates. Two days 

Based on the induction of HBV-specific CTLs in mice, the post-transfection, supernatants and whole cell lysates were 
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collected and an EUSA assay (see below) was used to SINDBIS VECTORS USED TO ELICIT AN 

determine the amount of expressed HBV-e antigen. IMMUNE RESPONSE 

Cell lysates from cells infected by any of the sibling A. HIV II IB ENV EXPRESSION VECTOR 

pVGELVIS-HBe vectors transfected, are made by washing A 2.7 Kb Kpn I-Xho I DNA fragment was Isolated from 

l.OxlO 6 cultured cells with PBS, resuspending the cells to a 5 the HIV proviral clone BH10-R3 (for sequence, see Ratner 

total volume of 600 ul in PBS, and sonicating for two etal.,Mtfa/« 313:277, 1985) and a -400 bp Sal I-Kpn I DNA 

5-second periods at a setting of 30 in a Branson sonicator, fragment from IIIexE7deltaenv (a Bal31 deletion to nt 5496) 

Model 350 (Fisher, Pittsburgh, Pa.) or by freeze thawing was ligated into the Sal I site in the plasmid SK*. From this 

three times. Lysates are clarified by centrifugation at 10,000 clone, a 3.1 kb env DNA fragment (Xho I-Not I) was 

rpm for 5 minutes. purified and ligated into the previously described Sindbis 

Core antigen and precore antigen in cell lysates and vectors predigested with Xho I and Noil, 

secreted e antigen in culture supernatant are assayed using B. CREATION OF A PRODUCER CELL LINE WHICH 

the Abbott HBe, rDNA EIA kit (Abbott Laboratories Diag- EXPRESSES HTV SPECIFIC ANTIGENS 

nostic Division, Chicago, 111.). Another sensitive EIA assay To construct a vector producing cell line that expresses the 

for precore antigen in cell lysates and secreted e antigen in HTV IIIB env derived from the vector described above, in 

culture supernatant is performed using the Incstar ETI-EB 15 vitro transcribed RNA transcripts are transfected in a Sindbis 

kit(Incstar Corporation, Stillwater, Minn.). A standard curve packaging cell line (Example 7). Specifically, the Sindbis 

is generated from dilutions of recombinant hepatitis B core RNA vector molecules are initially produced by using a SP6 

and e antigen obtained from Biogen (Geneva, Switzerland). in vitro transcribed RNA polymerase system used to tran- 

As shown in FIG. 19, using these procedures, appro xi- scribe from a cDNA Sindbis vector clone encoding the HIV 

mately 2 ng/ml HBV e antigen is expressed in the cell 20 specific sequences. The generated in vitro RNA vector 

lysates and also secreted from BHK cells transfected with products, are then transfected into a Sindbis packaging or 

different clones of the pVGELVISHBe plasmid. hopping cell line which leads to the transient production of 

Characterization of the precore/core and e antigens infectious vector particles within 24 hours. These vector 

expressed by vector transfected cells is performed by immu- particles are then collected from the supematants of the cell 

noprecipitahon followed by Western blot analysis. 25 foe cultures and then filtered through a 0.45 micron filter to 

Specifically, 0.5-1.0 ml of cell lysate in PBS or culture avoid cellular contamination. The filtered supematants are 

supernatant is mixed with polyclonal rabbit anti-hepatitis B then to infect a fresh monolayer of Sindbis packaging 

core antigen (DAKO Corporation, Carpinteria, Calif.) bound cells, within 24 hours of infection, Sindbis vector particles 

to protein G-Sepharose (Pharmacia LKB, Uppsala, Sweden) are produced containing positive stranded Sindbis recombi- 

and incubated overnight at 4° C Samples are washed twice 30 nant RNA encoding Sindbis non-structural proteins and HIV 

in 20 mM Tris-HCl, pH 8.0, 100 mM NaCl, 10 mM EDTA specific sequences. 

and boiled in sample loading buffer with 0.5% ^ alternative configuration of a Sindbis HIV IIIB env 
2-mercaptoethanol. Proteins are first resolved by SDS poly- vector is a promoter driven cDNA Sindbis construct con- 
acrylamide gel electrophoresis, and then transferred to taining a selectable marker. In this configuration the above- 
Immobilon(Millipore Corp., Bedford, Me.) and probed with 35 described Xho I to NotI fragment containing the specific 
the DAKO polyclonal rabbit anti-hepatitis core B antigen, HIV DIB env sequence is placed in a similar cDNA Sindbis 
followed by I-protein A. vector driven by a constitutive promoter in place of a 
3. TESTING IMMUNE RESPONSE bacteriophage polymerase recognition sequence. Using this 
(a) Administration Protocols configuration, the expression vector plasmids are transfected 
The mouse model system is also used to evaluate the 40 mto the packaging cell line and selected for the drug 
induction of humoral and cell-mediated immune responses resistance gene 24 to 48 hour post-transfection. Resistant 
following direct administration of ELVIS vector expressing colonies are then pooled 14 days later (dependent on the 
HBV core or e antigen. Briefly, six- to eight-week-old selection marker used) and dihitioned cloned. Several dilu- 
female Balb/c, C57B1/6, C3H/He mice (Charles River, Uon clones ^ men prop agated, and assayed for highest 
Mass.) and HLA A2.1 transgenic mice (V. Engelhard, 45 vec tor titer. The highest titer clones are then expanded and 
Charlottesville, Va.) are injected intramuscularly (i.m.) with, stored frozen. The stored clones are tested for HTV specific 
for example, 50 ug or greater, pVGELVIS-HBcore, protein production and immune response induction. 
pVGELVIS-HBVe or pVGELVIS-HBX vector DNA. Two C . TESTING FOR HIV SPECIFIC PROTEIN PRODUC- 
mjections are given one week apart. Seven or fourteen days TION AND AN IMMUNE RESPONSE 
after the second injection, the animals are sacrificed. Chro- 50 Cell lysates from the Sindbis HIV producer cell line are 
mium release CTL assays are then performed essentially as tested for HIV specific protein production by Western blot 
described in Example 13E l.a. Detection of humoral analysis. To test the ability of the vector to transfer expres- 
immune responses in mice is performed essentially as sion m vitro, BHK-21 cells are Mected with filtered super- 
described in Example 13E 2 and detection of T cell prolif- natant containing viral vector and assayed by Western blot 
eration in mice is performed essentially as described in 55 analysis 24 hours post infection. Once protein expression 
Example 13E 3. has been verified in vivo mouse and primate studies can be 
Example 14 performed to demonstrate the ability of syngeneic cells 
SINmilS wr-mR* ™>nP<iSIiMr vtp ai expressing a foreign antigen after vector treatment to: (a) 
VR^^vS^oS^^^^m eUcit a CVL ieSpO0SG * mice by ^ ectm S eilher Mected 
RESPONSE OR FORW^aONG VIRUS HOST CTL responses in a human in vitro culture system; (c) to 
ctiLLiiNiUKAL-iiuiN^ infect human, chimpanzee and macaque cells, including 
The following example describes procedures for con- primary cells, so that these can be used to elicit CTL 
structing Sindbis vectors capable of generating an immune responses and can serve as targets in CTL assays; (d) map 
response by expressing an HTV viral antigen. Methods are 65 immune response epitopes; and (e) elicit and measure CTL 
also given to test expression and induction of an immune responses to other non-HIV antigens such as mouse CMV 
response. (MCMV). 
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1. IMMUNE RESPONSE TO SINDBIS VIRAL This blocking action may occur rotracellularly, on the cell 
VECTOR-ENCODED ANTIGENS membrane, or extracelhilarly. The blocking action of a viral 

To test the immune response elicited from a cell line or, in particular, a Sindbis vector carrying a gene for a 

transduced with a Sindbis HIV IIIB env vector, a murine blocking agent, can be mediated either from inside a sus- 

tumor cell line (B/C10ME) (H-2*) (Patek et al, Cell Immu- 5 cepuble cell or by secreting a version of the blocking protein 

nol. 72:113, 1982) is infected with a recombinant Sindbis to locally block the p am0 gemc interaction, 

virus carrying the HIV HIB vector. The HIV env expressing . 4 . ., rT , 7 . 

cell line (B/C10ME-DIB) was then utilized to stimulate HIV , J° ^f 56 °[ mV > ^ Wo a f of int «action are the gp 

env-specific CTL in syngeneic (i.e., MHC identical) Balb/c 120/ 8P 41 envelo P e P^tein and the CD4 receptor molecule. 

(H-20 mice. Mice are immunized by intraperitoneal injec- 10 Thus ' an appropriate blocker would be a vector construct 

tion with B/C10ME-IIIB cells (IxlO 7 cells) and boosted on expressing either an HIV env analogue that blocks HIV 

day 7-14. (Boosting may not be required.) Responder spleen entrv without causing pathogenic effects, or a CD4 receptor 

cell suspensions are prepared from these immunized mice analogue. The CD4 analogue would be secreted and would 

and the cells cultured in vitro for 4 days in the presence of function to protect neighboring cells, while the gp 120/gp 41 

either B/C10ME-IIIB (BCenv) or B/C10ME (BC) 15 is secreted or produced only intraceUularly so as to protect 

mitomycin-C-treated cells at a stimulatonresponder cell only the vector- containing cell. It may be advantageous to 

ratio of 1:50. The effector cells are harvested from these add human immunoglobulin heavy chains or other compo- 

cultures, counted, and mixed with radiolabeled ( 51 Cr) target nents to CD4 in order to enhance stability or complement 

cells (i.e., B/C10MEenv-29 or B/C10ME) at various effec- lysis. Delivery of a Sindbis vector encoding such a hybrid- 

tontarget (E:T) cell ratios in a standard 4-5 hour 5a Cr- 20 soluble CD4 to a host results in a continuous supply of a 

release assay. Following incubation, the microtitre plates are stable hybrid molecule. 

centrifuged, 100 fA culture supernate is removed, and the Vector particles leading to expression of HIV env ana- 
amount of radiolabel released from lysed cells quantitated in logues may ^ ^ constructed as described above. It will be 
a Beckman gamma spectrometer. Target cell lysis was evident to one skilled in the art which portions are capable 
calculated as: % Target Lysis=Exp CPM-SR CPM/MR 25 D f blocking virus adsorption without overt pathogenic side 
CPM-SR CPMxlOO, where experimental counts per minute effects (Wiley et al., 7. Virol. 62:139, 1988; Fisher et al., 
(Exp CPM) represents effectors plus targets; spontaneous Science 233:655, 1986). 
release (SR) CPM represents targets alone; and maximum 

release (MR) CPM represents targets in the presence of 1M p va __, p n <- 

HCl. 30 P 

2. STIMULATION OF AN IMMUNE RESPONSE IN A CONSTRUCTION OF FIV ENV/REV/RRE SINDBIS 
MICE BY DIRECT INJECTION OF RECOMBINANT VECTOR FOR THE INDUCTION OF AN IMMUNE 
SINDBIS VECTOR RESPONSE 

Experiments are performed to evaluate the ability of Sequences encoding the FIV env/rev/RRE gene are 

recombinant Sindbis viral vectors to induce expression of 35 amplified and isolated form plasmid pFIV-14-Petahima 

HIV envelope proteins following direct injection in mice. (NIH Research and Reference Reagent Program, Maryland) 

Approximately 10 4 to 10 s (phi) of recombinant Sindbis usin g the following primers: 

vims carrying the HIV IIIB env vector construct are injected The sense primer sequence has two consecutive Xho I 

twice (2x) at 3-week intervals either by the intraperitoneal restriction sites that are placed at the 5' end at position 6020 

(i.p.) or intramuscular (i.m.) route. This amount of Sindbis 40 of clone 34F10 (Talbott et al., PNAS 86:5743-5747, 1989): 

virus is determined to be less than the amount considered to (SEQ JD NO. 105) 



5-3': CC CTC GAG CTC GAG GGG TCA CTG AGA AAC TAG AAA AAG AAT TAG 



stimulate an immune response. Spleen cells are prepared for 
CTL approximately 7 to 14 days after the second injection 
of vector. 



The antisense primer sequence is complementary to a 
sequence at position 9387 of clone 34F10. The 5' end of the 
primer has a Not I site (SEQiD NO. 106) 



5-3': CC GOG GCC GC GTA TCT GTG GGA GCC TCA AGG GAG AAC 



D. BLOCKING AGENTS DERIVED FROM VIRAL PRO- 
TEIN ANALOGUES EXPRESSED FROM RECOMBI- 
NANT SINDBIS VECTORS 

Many infectious diseases, cancers, autoimmune diseases, 
and other diseases involve the interaction of viral particles 
with cells, cells with cells, or cells with factors. In viral 
infections, viruses commonly enter cells via receptors on the 
surface of susceptible cells. In cancers, cells may respond 
inappropriately or not at all to signals from other cells or 
factors. In autoimmune disease, there is inappropriate rec- 
ognition of "self* markers. These interactions may be 
blocked by producing an analogue to either of the partners 
in an interaction, in vivo. 



55 

The PCR product is then placed in the pBluescript KSII+ 
plasmid (Stratagene, Calif.) and verified by DNA sequenc- 
ing. This construct is designated pBluescript KSII+ FIV 
env/rev/RRE. The Xho I-Not I fragment is then excised and 

60 inserted into the Sindbis backbone. 

Construction of a Sindbis vector expressing the FIV 
env/rev/RRE sequence is accomplished by digesting the 
SK+FI V env/rev/RRE plasmid with Xho I and Not I restric- 
tion enzyme sites to release the cDNA fragment encoding 

65 FIV env/rev/RRE sequences. The fragment is then isolated 
by agarose gel electrophoresis, purified by GENECLEAN™ 
and inserted into the desired Sindbis vector backbone, 
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prepared by digestion with Xho I and Not I. The Sindbis (Coming, Coming, N.Y.) in a standard chromium release 

vectors described in Example 3, are suitable for the insertion assay. Targets are the retroviral vector transduced syngeneic 

of the FI V env/rev/RRE sequences. Such Sindbis vectors cells (WO 94/06921) whereas the non-transduced syngeneic 

include pKSSINBV, pKSSINdlJRsjrc, pKSSINdlJRsjrPC, cell lines are used as negative controls. CTL targets may also 

pKSSINdlJRsjrNP(7582-7601) and pKSSINdlJRsexjr. 5 be generated from infecting syngeneic cells with the Sindbis 

The above Sindbis FIV env/rev/RRE expressing vectors FIV env/rev/RRE vector coexpressing the G418 resistance 

may also be modified to coexpress a selectable drug resis- marker. Infected cells are then selected using 800 ug/ml 

tance marker dependent on the requirements of the experi- G418 for two weeks. Specifically, Na^CKVlabeled 

ment or treatment of the vector infected cells. Any of the (Amersham, Arlington Heights, I11.X100 uCi, 1 hour at 37° 

above Sindbis FIV env/rev/RRE expression vectors 10 C.) target cells (lxlO 4 cells/well) are mixed with effector 

described may also be designed to coexpress for G418 cells at various effector to target cell ratios in a final volume 

resistance. This is accomplished by incorporating an internal of 200 p\. Following incubation, 100 ml of culture medium 

ribosomal entry site (Example 5) followed by the bacterial is removed and analyzed in a Beckman gamma spectrometer 

neomycin phosphotransferase gene placed 3' of the FIV (Beckman, Dallas, Tex.). Spontaneous release (SR) is deter- 

env/rev/RRE coding sequences and 5* of the terminal 3' end is mined as CPM from targets phis medium and maximum 

of the vector using the multiple cloning site of the vector. release (MR) is determined as CPM from targets phis 1M 

These G418 resistant vector constructs can be used for HCL Percent target cell lysis is calculated as: [(Effector 

selecting vector infected cells for the generation of FIV cell+target CPM)-(SR)/(MR)-(SR)]xl00. Spontaneous 

env/rev/RRE specific CTL targets in the following sections. release values of targets are typically 10%-20% of the MR. 

B. INFECTION OF FELINE CELLS WITH SINDBIS 20 For certain CTL assays, the effectors may be in vitro 
VECTOR EXPRESSING FIV ENV/REV/RRE stimulated multiple times, for example, on day 8-12 after 

Hie feline kidney cell line (CRFK) is grown in DMEM the primary in vitro stimulation. More specifically, 10 7 

containing 10% FBS. CRFK cells are infected with the effector cells are mixed with 6x10 s irradiated (10,000 rads) 

Sindbis vector as described in Examples 3 and 7, and used stimulator cells, and 2xl0 7 irradiated (3,000 rads) "filler" 

to show vector expression in feline cells using Western blot 25 cells (prepared as described below) in 10 ml of "complete** 

analysis. RPMI medium. (RPMI containing: 5% heat inactivated 

C. EXPRESSION OF INFECTED CELLS Fetal Bovine Serum. 2 mM L-glutamine, 1 mM sodium 
Cell lysates from cells infected by any of the FIV env/ pyruvate, lx non essential amino acids, and 5xl0 s M 

rev/RRE expressing vectors are made by washing l.OxlO 7 2-mercaptoethanol). Stimulator cells for in vitro stimulation 

cultured cells with PBS, resuspending the cells to a total 30 of effector cells are generated from irradiated retroviral 

volume of 600 ul in PBS, and sonicating for two 5 -second vector transduced syngeneic cells. "Filler" cells are prepared 

periods at a setting of 30 in a Branson sonicator, Model 350 from naive syngeneic mouse spleen cells resuspended in 

(Fisher, Pittsburgh, Pa.) or by freeze thawing three times. RPMI, irradiated with 3,000 rads at room temperature. 

Lysates are clarified by centrifugation at 10,000 rpm for 5 Splenocytes are washed with RPMI, centrifiiged at 3,000 

minutes. 35 rpm for 5 minutes at room temperature, and the pellet is 

Proteins are separated according to their molecular weight resuspended in RPMI. The resuspended cells are treated 

(MW) by means of SDS polyacrylamide gel electrophoresis. with 1.0 ml tris- ammonium chloride (100 ml of 0.17 M tris 

Proteins are then transferred from the gel to a IPVH base, pH 7.65, plus 900 ml of 0.155M NH 4 C1; final solution 

Immobilon-P membrane (Millipore Corp., Bedford, Mass.). is adjusted to a pH of 7.2) at 37° C. for 3-5 minutes. The 

The Hoefer HSI TTE transfer apparatus (Hoefer Scientific 40 secondary in vitro restimulation is then cultured for 5-7 days 

Instruments, Calif.) is used to transfer proteins from the gel before testing in a CTL assay. Any subsequent restimula- 

to the membrane. The membrane is then probed with either tions are cultured as described above with the addition of 

CE4-13B1 or CE3-8, monoclonal antibodies directed 2-10 U of recombinant human IL-2 (200 /Vml, catalog 

against FIV env gplOO. The bound antibody is detected #799068, Boehringer Mannheim, W. Germany), 

using 125 I-labeled protein A, which allows visualization of 45 2. FELINES 

the transduced protein by autoradiography. Since the vectors are to be utilized for treating felines, an 

D. TESTING CELLULAR IMMUNE RESPONSE assay demonstrating immunological efficacy in felines is 
1. INBRED MICE needed. The following is a description of the generation of 
Six- to eight-week-old female Balb/c (H-2d), C57B 1/6 the autologous T-cell lines needed for restimulator and target 

(H-2b) and C3H/He (H-2k) mice (Charles River, Mass.) are 50 cells for the standard 51 Cr release assay (Brown et al.,7. Vtr. 

injected twice intraperitoneally (Lp.) at 1 week intervals 65:3359-3364, 1991). Briefly, peripheral blood mono- 

with lxlO 6 pfu of Sindbis FIV env/rev/RRE vector. Animals nuclear cells (PBMC) are obtained following venipuncture 

are sacrificed 7 days later and the splenocytes (3xl0 <s /ml) and Ficoll-sodium diatrizoate (Histopaque-1077; Sigma, St. 

cultured in vitro with their respective irradiated (10,000 Louis, Mo.) density gradient centrifugation. These PBMCs 

rads) retroviral vector transduced syngeneic cells (WO 55 are stimulated by 5 ugm/ml concanavalin A (Con A, Sigma) 

94/06921) (6xl0*/ml) in T-25 flasks (Corning, Coming, for three days, and maintenance in medium containing 25 

N.Y.). These transduced cells include the murine fibroblast u/ml human recombinant interleukin-2 (IL-2) (Boehringer 

cell lines BC10ME (H-2d) (ATCC No. TIB85), B16 (H-2b) Mannheim Biochemicals, Indianapolis, Ind.) and 10% 

and L-M(TK-) (H-2k) (ATCC No. CCL 13). These cell lines bovine T-cell growth factor (TCGF). Cells are seeded into 

are grown in DMEM containing 4500 mg/L glucose, 584 60 round bottom 96-well micro titer plates at an average of 1 or 

mg/L L-glutamine (Irvine Scientific, Santa Ana, Calif.) and 0.3 cells per well with 5x10* irradiated (3,000 rads) autolo- 

10% FBS (Gemini, Calabasas, Calif.). Culture medium gous PBMC, 10% bovine TCGF, and 25 u/ml of IL-2 in a 

consists of RPMI 1640, 5% heat-inactivated fetal bovine final volume of 200 ul of complete RPMI. Complete RPMI 

serum, 1 mM sodium pyruvate, 50 g/ml gentamycin and consist of RPMI 1640 medium containing 10% FBS, 2 mM 

10~ S M 2-mercaptoethanol (Sigma, St. Louis, Mo.). Effector 65 L-gmtamine, 5xl0~ s M 2-mercaptoethanol, and 50 ug of 

cells are harvested 4-7 days later and tested using various gentamycin per ml. Clones are expanded sequentially to 

effector: target cell ratios in 96 well microliter plates 48- well and 24- well plates. After several weeks, cells are 
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transduced with retroviral vectors expressing FIV env/rev region. In choosing the correct Al and B 1 antisense 

genes (WO 94/06921), and selected with G418. Expression sequences, the only two requirements are that they be 

of these cell lines are monitored by Western blot analysis as specific for the targeted RNA sequence and that the anti- 

in Example 15C. Cell lines expressing high levels of the sense sequences hybridize to two RNA sequence domains 

desired protein function as stimulators and targets in a 5 separated by three nucleotides. This three nucleotide gap 

standard 51 Cr release assay as in Example 15 D 1. Effector will serve as a hinge domain for the polymerase to hop and 

cells are recovered for the CTL assay from the peripheral switch reading strands bridging the non-structural protein 

blood mononuclear cells (PBMC) obtained following veni- domain of the vector to the junction region of the vector 

puncture and Ficoll-sodium diatrizoate density gradient cen- (FIG. 5). To construct such a configuration, two oligonucle- 

trifugation. 10 otides are synthesized complementing each other to create a 

E. ADMINISTRATION PROTOCOLS fragment insert containing convenient restriction enzyme 

Six- to eight-week-old female Balb/C, C57B16 or OH/ sites at the extreme 5* and 3* ends. The oligonucleotide 

He mice are injected intramuscularly (i.m.) with 0.1 ml of fragment insert is then ligated into the Sindbis vector 

reconstituted (with sterile deionized, distilled water) or between the disabled junction region and the multiple clon- 

intraperitoneally (i.p.) with 1.0 ml of lyopmlized FIV env/ is ing sites of the Sindbis vector. The sense oligonucleotide 

rev/RRE expressing Sindbis vector. Two injections are given strand, from 5' to 3', should contain an Apa I restriction site, 

one week apart. Seven days after the second injection, the followed by the Al anti-sense domain, a six bp hinge 

animals are sacrificed. Chromium release CTL assays are domain, a Bl anti-sense domain, a synthetic junction region 

then performed essentially as described in Example 13 D 1. domain, and the A2 sense domain, followed by a Xho I 

Felines are also injected intramuscularly (i.m.) with 0.5 20 restriction enzyme site. The following oligonucleotide 

ml of reconstituted (with sterile deionized, distilled water) or sequence is used to design a CEA RNA responsive Sindbis 

intraperitoneally (i.p.) with 2.0 ml of Iyophilized FIV env/ vector. The nucleotide number sequence is obtained from 

rev/RRE expressing Sindbis vector. Two injections are given Beauchemin et al., Molec. and Cell Biol. 7:3221, 1987. 

one week apart. Seven days after the second injection, 5-3* CEA sense strand: 



CEA 589 (SEQ. ID NO. 107) 



Apal 

CGCGC GGGC CCTGT GACAT TGAAT AGAGT GAGGGTCCTG 
TTG GG 

CEA 651 CEA 622 (SEQ, ID NO. 108) 

* * Synthetic 

AAAGG TTTCA CATTT GTAGC TTGCT GTGTC ATTGC GATCT 
CTACG 

CEA 599 CEA 618 (SEQ ID NO. 109) 

Junction Core * * * Xho I 

GTGGT CCTAA ATA GT TCACT CT ATT CAATG TCACA CTCGA 
GCCGG 



CEA 618 



PBMCs are withdrawn for the CTL assay. Chromium release 
CTL assays are then performed essentially as described in 
Example 13 D 2. 

Example 16 

TISSUE SPECIFIC EXPRESSION BY 
ACTIVATION OF DISABLED ALPHAVTRUS 
VECTORS USING TISSUE SPECIFIC 
CELLULAR RNA: CONSTRUCTION OF 
ALPHAVTRUS TUMOR SPECIFIC EXPRESSION 
VECTORS FOR THE TREATMENT OF 
COLORECTAL CANCER 
A. CONSTRUCTION OF A RECOMBINANT SINDBIS 
VECTOR (SIN-CEA) DEPENDENT ON THE EXPRES- 
SION OF THE CEA TUMOR MARKER 

As described previously and shown diagramm a tically in 
FIG. 20, the disabled junction loop out model is constructed 
with the junction region of the vector flanked by inverted 
repeat sequences which are homologous to the RNA of 
choice. In this example, sequences from the CEA tumor 
antigen CDNA (Beauchemin et aL, Molec. and Cell Biol. 
7:3221, 1987) are used in the inverted repeats. To construct 
a CEA RNA responsive Sindbis vector, the junction region 
is preceded by two CEA anti-sense sequence domains (A 1 
and B 1 ) separated by a six base pair hinge domain. A single 
twenty base pair CEA sense sequence (A2), which is 
complementary to Al, is placed at the 3* end of the junction 



The 5-3* CEA anti-sense strand is complementary to the 
above oligonucleotide. After both oligonucleotides are 
synthesized, the oligonucleotides are mixed together in the 
presence of 10 mM Mg, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The oligonucleotide pair 

45 is then digested with the Apa I and Xho I restriction 
enzymes, mixed and ligated at a 25:1 molar ratio of insert to 
plasmid, pCMV-SIN or pMET-SIN predigested with the 
same enzymes. These constructs are designated pCMV/SIN- 
CEA and pMET/SIN-CEA, respectively. 

50 CONSTRUCTION OF A SIN-CEA VECTOR AND PRO- 
DUCER CELL LINE EXPRESSING GAMMA INTER- 
FERON (SIN-CEA/IFN) 

The human gamma interferon gene is subcloned from the 
retroviral vector plasmid pHu-IFN-y (Howard et al., Ann 

55 NY. Acad Sci. 716:167-187, 1994) by digesting with Xho 
I and Cla I. The resulting 500 bp fragment containing the 
coding sequences of y-IFN is isolated from a 1% agarose gel. 

Alternatively, the human y-IFN cDNA is derived from 
RNA isolated from PHA-stimulated Jurkat T cells by guani- 

60 dinium thiocyanate extraction followed by ultracentrifuga- 
tion through a CsCl gradient. The RNA (Sigma, St. Louis, 
Mo.) is then reverse-transcribed in vitro and a gene-specific 
oligonucleotide pair is used to amplify y-IFN cDNA by 
polymerase chain reaction using Taq polymerase. The PCR 

65 DNA was repaired with T4 DNA polymerase and Klenow 
and cloned into the Hinc II site of SK+ plasmid (Stratagene, 
San Diego, Calif.) treated with CLAP. In the sense 
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orientation, the 5* end of the cDNA is adjacent to the Xho I further by eliminating the "B-domain" of the Factor VDI 

site of the SK+ polylinker and the 3' end adjacent to the NotI insert. It has been shown that the Factor VIII B-domain 

site. The 512 base pair fragment encoding the human 7-IFN region can be removed from the cDNA without affecting the 

molecule is placed into the Xho I / Noyl site of either the functionality of the subsequently expressed protein. 

pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new 5 A Sindbis-Factor VDI vector is constructed as follows, 

plasmids are designated pCMV/SIN-CEA/IFN-Y or pMET/ Factor VIII cDNA is obtained from clone pSP64-VIII, an 

SIN-CEA/IFN-y, respectively. ATCC clone under the accession number 39812, containing 

B . CONSTRUCTION OF A SIN-CEA VECTOR AND a cDNA encoding the full-length human protein. pSP64-VIII 

PRODUCER CELL LINE EXPRESSING THYMIDINE * di S esled with Sal I, the termini are blunted with T4 DNA 
KINASE (SIN-CEA/TK) 10 P olvmerase ^ 50 /iM of each dNTP, and the ca. 7700 bp. 

A PCR amplified product containing the cDNA clone of Jj™^" l ^ t ? r^?^f ™ ^WT^n^l^t 

the herpes simplex thymidine kinase ("HSVTK"), flanked G t E ^ CLE ^™ 

withS'Xbol Jd3*Noarestrictionen4mesitesisobUined mxSN^rLT^ hv !rKo^Kn 'tv^vi ' S ^ 

*u iioiivivT^ /m< 1 ' . 1 *r a * j n (Example 3), prepared by digestion with Hinc II, treated 

7^ , ( .^^1 V^' ^ A0d ? R T with CIAP, and purified tarn a 1% agarose gel. Tlis plasmid 

8:5949, 1980) clone as target DNA. The sequences for the is ^ known as pF83' SIN y 

primers used for the PCR amplification are obtained from For insertion of Factor VIII into the various Sindbis 

published sequences (Wagner et aL, PNAS 78:1442, 1981). vectors described in Example 3, plasmid pF83' SIN is 

The 1,260 base pair amplified product is then digested with digested with Xho I and a limited Sac I digest, and the 

Xho I and Nod ligated into the Xho I/NotI site of either the resulting 7,850 bp fragment is isolated from a 0.7% agarose/ 
pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new 20 TBE gel. This Factor Vni-3' SIN fragment is then inserted 

plasmids are designated pCMV/SIN-CEA/HSVTK or into each of the vectors listed below. Prior to insertion of this 

pMET/SIN-CEA/HS VTK, respectively. fragment the plasmids are prepared by digestion with Xho I 

C. CREATION OF CEA RNA DEPENDENT SINDBIS and Sac I, treated with CIAP, isolated by 1% agarose/TBE 

VECTOR PRODUCER CELL LINES gel electrophoresis, and purified with GENE CLEAN™ : 

Unlike the previous examples of creating producer cell 25 
lines (Example 7), it may be that only a single round of gene 
transfer into the packaging cell line is possible by vector 
transfection. Since these vectors will be disabled and pre- 
vented in the synthesis of full genomic vectors, re-infection 
of a fresh layer of Sindbis packaging cell lines will end in an 30 
aborted infection since these vectors are now dependent on 
the presence of the CEA RNA to become active. Higher 
titers may be achieved by dilution cloning transfected pro- 
ducer cell lines using the RT-PCR technique. Following insertion of the Factor VIII cDNA, these 

35 vectors are designated: 

Example 17 pKSSINBVF8 

REPLACEMENT GENE THERAPY USING P ^}m^1^^^c 

RECOMBINANT ALPHAVTRUS VECTORS gSg^^p 

The following example describes the construction of 40 pKSSINdlJRsexjrF8 

alphavirus vectors capable of generating a therapeutic pro- respectively. 

tein. Packaging of the Factor VIII cDNA containing vectors is 

A. CONSTRUCTION OF A SINDBIS FACTOR VIII VEC- accomplished by the transfection of packaging cell lines 

TOR (described in Example 7) with in vitro transcribed vector/ 

Hemophilia A disease is characterized by the absence of 45 Factor VDI RNA. The efficiency of packaging is determined 

Factor VIII, a blood plasma coagulating factor. Approxi- by measuring the level of Factor VDI expression in cells 

mately 1 in 20,000 males have hemophilia A in which the infected with the packaged vector and compared to similar 

disease state is presented as a bleeding disorder, due to the experiments performed with the pKSSIN-luc vector 

inability of affected individuals to complete the blood clot- described in Example 3. 

ting cascade. 50 B . CONSTRUCTION OF A GLUCOCEREBROSIDASE 

The treatment of individuals with hemophilia Ais replace- SINDBIS VECTOR 

ment with the Factor VIII protein. The only source for Gaucher disease is a genetic disorder that is characterized 

human Factor VIII is human plasma. In order to process by the deficiency of the enzyme glucocerebrosidase. This 

human plasma for Factor VDI purification, human donor enzyme deficiency leads to the accumulation of glucocer- 

samples are pooled in lots of over 1000 donors. Due to the 55 ebroside in the lysosomes of all cells in the body. However, 

instability of the Factor VIII protein, the resulting pbarma- the disease phenotype is manifested only in the 

ceutical products are highly impure, with an estimated purity macrophages, except in the very rare neuropathic forms of 

by weight of approximately 0.04%. In addition, there is a the disease. The disease usually leads to enlargement of the 

serious threat of such infectious diseases as hepatitis B virus liver and spleen and lesions in the bones. (For a review, see 

and the Human Immunodeficiency Virus, among others, 60 Science 256:794, 1992, and The Metabolic Basis of Inker- 

which contaminate the blood supply and can thus be poten- ited Disease, 6th ed, Scriver et al., vol. 2, p. 1677.) 

tially co-purified with the Factor VDI protein. A glucocerebrosidase Sindbis vector is constructed as 

The Factor VDI cDNA clone is approximately 8,000 bps. follows. Briefly, a glucocerebrosidase (GC) cDNA clone 

Insertion of the Factor VIII cDNA into pKSSINBV yields a containing a Xho I restriction enzyme site 5* and 3* of the 

vector/heterologous gene genomic size of approximately 65 cDNA coding sequence is first generated. The clone is 

15,830 bps. If the packaging of this large vector RNA into generated by digesting pMFG-GC (Ohashi et al., PNAS 

particles is inefficient, the size of the insert can be decreased 89:11332, 1992) with Nco I, blunt-ending the termini with 
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T4 DNA polymerase and dNTPs, ligating with Xho I linkers, 
and purifying the GC gene from a 1% agarose gel. The GC 
fragment is subsequently digested with Xho 1 and ligated 
with the desired Sindbis vector (for example, pKSSINBV) 
that has also been digested with Xho I. Packaging of the 
Sindbis-glucocerebrosidase vector is accomplished by intro- 
duction of vector RNA (for example, transfection of in vitro 
transcribed RNA) into any of the packaging cell lines 
described in Example 7. 

Both the Sindbis Factor VIII and the Sindbis Glucocer- 
ebrosidase vectors are also readily convertible to plasmid 
DNA based-vectors which initiate vector replication and 
heterologous gene expression for use in direct delivery or 
the establishment of vector producer cell lines (see 
Examples 3 and 7). 

Example 18 

INHIBITION OF HUMAN PAPILLOMA VIRUS 
PATHOGENICITY BY SEQUENCE-SPECIFIC 
ANTISENSE OR RIBOZYME MOLECULES 
EXPRESSED FROM SINDBIS VIRUS VECTORS 

To date, more than sixty types of human papilloma viruses 
(HPV), which have a pronounced tropism for cells of 
epithelial origin, have been isolated and characterized. 
Among the HPV group are a substantial number of types 
which infect the human anogenital tract. This group of HPVs 
can be further subdivided into types which are associated 
with benign or with malignant proliferation of the anogenital 
tract. 

There are between 13,000 and 20,000 cervical cancer 
deaths per year in the U.S. In developing countries, cervical 
cancer is the most frequent malignancy, and in developed 
countries cervical cancer ranks behind breast, lung, uterus, 
and ovarian cancers. One statistic which especially supports 
the notion that anogenital proliferation is a growing health 
problem is that medical consultations for genital warts 
increased from 169,000 in 1966 to greater than 2 million in 
1988. 

Several lines of evidence exist which link HPV to the 
pathogenesis of cervical proliferative disease. A distinct 
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parameters to consider relating to the HPV types to target 
(i.e., types associated with condyloma acuminatum or types 
associated with malignant cervical proliferation) and HPV 
expressed genes to target, including but not limited to, HPV 
5 genes E2, E6, or E7. 

In general, the expression of HPV genes is defined 
temporally in two phases, early (E) genes expressed prior to 
viral DNA replication, and late (L) genes expressed after 
10 viral DNA replication. There are 7 early enzymatic HPV 
genes, and 2 late structural HPV genes. 

Based on the discussion presented above, antisense/ 
ribozyme therapeutics directed towards the HPV 6/11 
groups may be constructed which target the viral E2 gene. It 
15 seems possible that the E2 gene target may be precarious 
with regard to the HPV 16/18 group, by a mechanism of 
driving integration of the virus through inhibition of E2 
protein expression. Thus, it seems that the E6/E7 genes in 
HPV types 16/18 should be targeted direcdy. 

20 

Described below is the construction of antisense and 
ribozyme therapeutics into Sindbis virus vectors (described 
in Example 2) specific for HPV type 16 E6 and E7 RNA. 
Insertion of the HPV antisense and ribozyme moieties is 
25 between the Cla I and Xba I sites of the Sindbis vector. 

A. CONSTRUCTION OF AN HPV 16 E6/E7 ANTISENSE 
THERAPEUTIC 

The HPV 16 viral genomic clone, pHPV-16 (ATCC 
number 45113) is used as a template in a PCR reaction for 

30 the amplification of specific sequences from the viral E6/E7 
genes. The HPV 16 antisense moiety is first inserted into the 
plasmid vector pKSII*; removal of the antisense therapeutic 
from the plasmid vector and insertion into the various 
Sindbis vector backbones is accomplished via the unique 

35 antisense moiety terminal Cla I and Xba I restriction endo- 
nuclease sites. Amplification of a portion of the HPV 16 
E6/E7 genes is accomplished with the primer pair shown 
below: 

Forward primer (buffer sequence/Xba I site/HPV 16 nucle- 
otides 201-222): 



YAYAYYCYAGAGCAAGCAACAGTTACTGCGACG (SEQ. ID NO. 110) 



subset of types, so called 'low risk HPVs', are associated Reverse primer (buffer sequence/Cla I site/HPV 16 nucle- 
with benign proliferative states of the cervix (e.g., HPV 6, otides 759-738): 



TATATATCGATCCGAAGCGTAGAGTCACACT1G (SEQ. ID NO. Ill) 



11, 43, 44), while another subset of types, the 'high risk 
HPVs*, are associated with lesions which may progress to 
the malignant state (e.g., HPV 16, 18, 31, 33, 35, etc.). 
Approximately 95% of cervical tumors contain HPV, with 
HPV type 16 or 18 DNA being found in about 70% of them. 

The frequency of HPV in the young sexually active 
female population appears to be quite high. Indeed, in a 
recent study of 454 college women, 213, or 46% were HPV 
positive. Among the HPV positive group, 3% were HPV 
6/11 positive, and 14% were HPV 16/18 positive. Of these 
454 women, 33 (7.3%) had abnormal cervical proliferation, 
as determined by cytology. 

With regard to the design of antisense and ribozyme 
therapeutic agents targeted to HPV, there are important 



55 In addition to the HPV 16 E6/E7 complementary 
sequences, both primers contain a five nucleotide 'buffer 
sequences' at their 5* ends for efficient enzyme digestion of 
the PCR amplicon products. Generation of the HPV 16 
amplicon with the primers shown above is accomplished 
with the PCR protocol described in Example 4. It has been 

60 shown previously that the E6/E7 mRNA in infected cervical 
epithelia is present in three forms, unspliced and two spliced 
alternatives (E6* and E6**), one in which nucleotides 
226-525 of E6 are not present in the mature message 
(Smotkin et al.,J. Virol 63:1441-1447, 1989). The region of 

65 complementary between the antisense moiety described here 
and the HPV 16 genome is viral nucleotides 201-759. Thus 
the antisense moiety will be able to bind to and inhibit the 
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translation of the E6/E7 unspliced message and the spliced The HPV 16 antisense and hairpin ribozyme moieties are 

E6* and E6* * spliced messages. liberated from their plasmid vectors, pKSaHPV16E6/E7 and 

The HPV 16 E6/E7 580 bp amplicon product is first P KSHPV16E6HRBZ, respectively, by digestion with Cla I 

purified with GENECLEAN^, digested with the restriction and ^ f> purification by agarose electrophoresis and 

enzymesCla I and Xba I, and electrophoresed on a 1% 5 GENEC LEAN™, and insertion into the desired vector 

agarose/TBE gel. The 568 bp band is then excised from the . , , , . , . . „ _ , _ 

gel, the DNA purified with GENECLEAN™ and ligated into backbone ' ^ ^ 1 *** *** 1 ^ 

the pKSir plasmid prepared by digestion with Cla I and treatment Wl]h C1AP possible Sindbis vectors some 

Xba I, treatment with CIAP, and treatment with of which are shown below, and whose detailed construction 

GENECLEAN™. This plasmid is known as 10 » described in Example 2, are suitable for the insertion of 

pKSaHPV16E6/E7. the HPV 16 antisense and ribozyme therapeutic moieties: 
B. CONSTRUCTION OF HPV 16 E6/E7 HAIRPIN 

RIBOZYME THERAPEUTICS — 

In order to efficiently inhibit the expression of HPV 16 E6 Vector Functional Junction Region (+/-) 

and E7 proteins, a hairpin ribozyme (HRBZ) with target is p kssinbv + 

specificities to E6 MRNA is constructed. The HPV 16 pKSSiNBVdUR 

ribozyme moiety is first inserted into the plasmid vector pKSSiNdtrRsjrc + 

pKSIT; removal of the ribozyme therapeutic from the ^{Sj^ 7582 _ 7603) + + 

plasmid vector and insertion into the various Sindbis vector pKSSiNdURscxjr + 

backbones is accomplished via the unique ribozyme moiety 20 



terminal Cla I and Xba I restriction endonuclease sites. 

The HRBZ is homologous to the HPV 16 E6 RNA (nts 

414-431) shown below: Since the antisense and ribozyme therapeutic operate at 

the level of RNA, it is not necessary that the vectors 

ttaactgtcaaaagccac (seq. rx> no. 112) containing these moieties contain a functional junction 
region. That is, translation of the region corresponding to the 

The HRBZ is designed to cleave after the T residue in the Sindbis structural proteins occurs only from subgenomic 

TCTC hairpin ribozyme loop 5 substrate motif, shown However, because translation of the antisense and 
underlined above. Following cleavage, the HRBZ is 30 hairpin ribozyme therapeutic is not an issue, these moieties 

recycled and able to hybridize to, and cleave, another will exert their affect from the level of positive stranded 

unspliced E6/E7 mRNA or the E6* spliced mRNA mol- Sindbis genomic vector RNA. 
ecule. 

Double-stranded HRBZ as defined previously (Hampel et 

Nucleic Acids Research 18:299-304, 1990), containing a 35 On the other hand, it may be desired to administer 

4 base 'tetraloop' 3 and an extended helix 4, with specificity repeated doses to an individual; thus the antisense and 

for the HPV 16 E6 RNA shown above, is chemically hairpin palliative would be inserted downstream of the 

synthesized and includes both the 5' and 3* ends, adenovirus E3 or human cytomegalovirus H301 genes, 

respectively, Cla I and Xba I sites. The sequence of the which down-regulate the expression of MHC class I mol- 
chemically synthesized HPV 16 E6 HRBZ strands are 40 ecules in infected cells. Insertion of the antisense and hairpin 

shown below: palliatives is accomplished in the vectors from Examples 3 

HPV 16 E6 HRBZ, sense strand (5'-*3'): and 4 shown below, between the Cla I and Xba I sites: 



5'<XjAIXjIXjGCITTTAGATGTTAAACXIAGAGAAACAC^ 

CGTGGTATATTAGCTGGTAT-3' 

(SEQ. ID NO. 113) 



HPV 16 E6 HBRZ, antisense strand (5^3'): 



5 -CTAG ATAOCAGCTAATATACCACGG ACCG AAGT^^ 
TTTAAC ATCTAAAAGCCACAT-3 ' (SEQ. ID NO. 114) 



In order to form the double-stranded HPV 16 E6 specific 

HRBZ with Cla I and Xba I cohesive ends, equal amounts 

of the oligonucleotides are mixed together in 10 mM Mg 2 *, ^ Vcctor Functional Junction Region (+/-) 

heated at 95° C. for 5 minutes, then cooled slowly to room pKSSH*dlJRsjrcAdE3 + 

temperature to allow the strands to anneal. pKSsrNdURsj rcH30i + 

The double-stranded HPV 16 E6 HRBZ with da I and 

Xba I cohesive ends is first ligated into the pKSIT" plasmid Subgenomic mRNA is synthesized in these vectors, which 

vector, prepared by digestion with Cla I and Xba I, treatment dS serves as a translational template for the Ad E3 and CMV 

with CIAP, and treatment with GENECLEAN™. This plas- H301 genes. Thus, in these constructions, functional HPV 

mid is known as pKSHPV16E6HRBZ. 16 antisense and hairpin ribozyme palliatives will be present 
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on the levels of both subgenomic and positive stranded activates the latent endonuclease, RNase L, which is respon- 

genomic Sindbis vector RNA. sible for degradation of viral and cellular RNAs (Johnston 

Further, the HPV 16 antisense and hairpin ribozyme and Torrence, Interferons 3:189-298, Friedman (ed.), 

palliatives can be inserted downstream of a heterologous Elsevier Science Publishers, B.V., Amsterdam, 1984). 

gene inserted into the described Sindbis vectors. For 5 Because lheif replicalion strategy mcmdes a double . 

example, one could insert the HPV 16 antisense and hairpin stranded RNA intermediate, the RNA viruses in particular 

ribozyme palliatives downstream of a heterologous gene are stro mmjcers of mterfer0Ili With regard £ Sindbis 

g , u^^T 00 ^ 010 ° f mV 16 fr ° m ' f ?' virus, double-stranded RNA molecules are present during 

example, the E6/E7o^ the Hcation of ^ aive . ^ oegative . strande 5 

notte desued to include the immunoregulatory Ad E3 or 10 genome length molecules , and during ^ lranscription of 

LMVH3U1 genes .... subgenomic mRNA It has been demonstrated that infection 

u^? 1 ! 5510 ^ , 6/E7 genes o^mfection with teA of ^ ^ sind5is virus results m ^ mduction of 

the high- and low-risk HPV groups is required for probf- mterferon (Sai to, J. Interferon Res. 9:23-24, 1989). 

e ration of the cervical epithelium. The HPV E7 protein from 7 

all HPV types tested forms a complex with the retinoblas- is 1x1 applications where extended expression of the thera- 

toma protein, and the E6 protein from HPV types 16 and 18 ^ utic P^ative * des^d, expression oflFNin the infected 

associates with and degrades the cellular p53 protein. The ^ K inhiblted bv ^elusion of a hairpin ribozyme with 

p53 and retinoblastoma cellular gene products are involved specificity for IFN-a mRNA in the Sindbis vector. Inhibition 

in the growth control of the cell, and altering the expression of IFN " ex P ression mus mitigates induction of the cascade of 

or function of these proteins can release the growth control 20 cellular P rotems > ^eluding lbe eIF " 2 P rotein kinase and 

in affected cells. Thus, an antisense or ribozyme therapeutic 2>5 r -OAS, which inhibit the extent to which vims can 

agent to both HPV groups should either directly or ulti- «P^cate in the infected cell. Prolonged expression of the 

mately diminish the expression of one or both of these therapeutic palliative without induction of an immune 

genes. Expression of the E6/E7 genes is trans-activated by response targeted towards the vector infected cell is desired 

the viral E2 protein. However, by utilizing an alternative 25 m ^ applications other than antigen presentation and 

splicing strategy, the E2 protein can also act as a trans- ^chides, for example, systemic protein production, anti- 

repressor. Integration of the oncogenic HPV types occurs in scax and rib °zyme, and accessory molecules, 

the viral E2 region and abrogates the expression of the E2 A. CONSTRUCTION OF A HAIRPIN RIBOZYME WITH 

protein. Integration by the oncogenic HPV types appears to TARGETED SPECIFICITY FOR INTERFERON A MRNA 

be a pivotal event in the frank induction and/or maintenance 30 In ort * er 10 efficiently inhibit the expression of interferon 

of cervical carcinoma. This event results in the constitutive a protein in cells infected with Sindbis vectors, a hairpin 

expression of the E6/E7 genes. In the integrated state, ribozyme (HRBZ) with target specificity for interferon a 

expression of the E6/E7 genes is trans-activated by factors mRNA is constructed. The IFN-a ribozyme moiety is first 

present in infected keratinocytes. The inactivation of the inserted into the plasm id vector pKSlT (Stratagene, La 

viral E2 control mechanism in response to the cellular 35 Jolla, Calif.); removal of the ribozyme therapeutic from the 

keratinocyte factor activation of E6/E7 expression might be plasmid vector and insertion into the various Sindbis vector 

a critical event in viral integration. backbones is accomplished via the unique ribozyme moiety 

terminal Cla I and Xba I restriction endonuclease sites. 

Example 19 The HRBZ is homologous to nucleotides 1026-1041 of 

INHIBITION OF HUMAN INTERFERON A 40 ^ ^ Maon alphagene ™-dpl» 4b shown Wow, 

EXPRESSION IN INFECTED CELLS BY and to all IW-a genes sequenced mclutog ,,78^ 

SEQUENCE-SPECIFIC RIBOZYME } JJ? D ° l gene 16 (HeDC ° et MoL BwL 185:227 "^ 

MOLECULES EXPRESSED FROM SINDBIS } ' 
VIRUS VECTORS 



Interferons (IFNs) comprise a family of small proteins S'-TCT CTG Tec tcc ATG A 

which effect a wide range of biological activities in the ' 

mammalian cell, including the expression of MHC antigens, 

the expression of several genes which modulate cell growth The HRBZ is designed to cleave after the T residue in the 

control, and the resistance to viral infections (Pestka et al., 50 TGTC hairpin ribozyme loop 5 substrate motif, shown 

Ann. Rev. Biochem. 56:727-777, 1987). Of the three classes underlined above. Following cleavage, the HRBZ is 

of IFNs, a,p, and y-IFN, a- IFN, or leukocyte interferon, has recycled and able to hybridize to, and cleave, another IFN-a 

a key role in limiting viral replication in the infected cell. MRNA molecule. 

The antiviral effects of IFN-a are associated with the Double -stranded HRBZ as defined previously (Hampel et 

induction of two cellular enzymes which inhibit the viral 55 Nucleic Acids Research 18:299-304, 1990), containing a 

lifecycle in the infected cell. One enzyme is a double- 4 base tetraloop 3 and an extended helix 4, with specificity 

stranded RNA dependent 68-kDa protein kinase that cata- for the IFN-a mRNA shown above, is chemically synthe- 

lyzes the phosphorylation of the a subunit of the protein sized and includes at the 5' and 3' ends, respectively, Cla I 

synthesis initiation factor eIF-2. The second enzyme and Xba I sites. The sequence of the chemically synthesized 

induced by IFN- is 2'^ l -oligoadenylate synthetase (2' ,5'- 60 IFN-a HRBZ strands are shown below: 

OAS), which in the presence of double-stranded RNA IFN-a HRBZ, sense strand (5 f to 3'): 
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TCG AGT CAT GGA GAG AGG AGA ACC AGA GAA ACA CAC GGA 
CTT CGG TCC GTG GTATATTAC CTG GAT 
(SEQ. ID NO. 121) 



IFN-a HBRZ, antisense strand (5' to 3*): 



CGA TCG AGG TAA TAT AOC ACG GAC OGA AGT COG TGT GTT T 
CTCTG GTT C TC CTC TCT CCA TG A C 
(SEQ. ID NO. 122) 



15 



In order to form the double-stranded IFN-a specific 
HRBZ with Cla I and Xba I cohesive ends, equal amounts 
of the oligonucleotides are mixed together in 10 mM Mg2+, 
heated at 95° C. for 5 minutes, then cooled slowly to room 
temperature to allow the strands to anneal. 

The double-stranded IFN-a HRBZ with Cla I and Xba I 
cohesive ends is first ligatcd into the pKSH + plasmid vector, 
prepared by digestion with Cla I and Xba I, treatment with 
CIAP, and treatment with GENECLEAN™. This plasmid is 
known as pKSIFNaHRBZ. 

The IFN-a hairpin ribozyme moiety is liberated from the 
pKSIFNaHRBZ plasmid by digestion with Cla I and Xba I, 
purification by 2% Nu-Sieve/1% agarose electrophoresis 
and GENECLEAN™, and insertion into the desired vector 
backbone, prepared by digestion with Cla I and Xba I, and 
treatment with CIAP. Several possible Sindbis vectors some 
of which are shown below, and whose detailed construction 
is described in Examples 2, 3, and 4 are suitable for the 
insertion of the IFN-a hairpin ribozyme moiety: 



Vector Ftinctional Junction Region (4/-) 

pKSSINBV + 
pKSSINBVdUR 

pKSSlNdURsjrc + 

pKSSINdURsjrPC + 

pKSSrNdURsjrNP(7582-7601) + 

pKSSINdlJREcxjr + 

pKSSINdURsj rcAdE3 + 

pKSSrNdURsjicH301 + 



Since the ribozyme activity operates at the level of RNA, 
it is not necessary that this region is expressed as a portion 
subgenomic mRNA. However, when placed downstream of 
a functional junction region, the level of ribozyme synthe- 
sized is much greater and perhaps more effective in cleaving 
the IFN-a RNA target 

Further, in some applications, for example systemic 
expression of protein, multiple dose administration to an 
individual is required. In these applications, prolonged 
expression of the therapeutic palliative without induction of 
an immune response targeted towards the vector infected 
cell is desired. In this configuration, the IFN-aHRBZ moiety 
could be inserted upstream of the adenovirus E3 or human 
cytomegalovirus H301 genes, which down-regulate the 
expression of MHC class I molecules in infected cells. 
Following the gene which modulates MHC class I expres- 
sion is, consecutively, an IRES element selected from 
among the group described in Example 5, and the therapeu- 
tic palliative. Ordered insertion of the hairpin ribozyme, Ad 
E3 or CMV H301, IRES, and heterologous gene of interest 
components along the multiple cloning sequence located in 
the vector between the vector junction region and 3* end is 



>mplished by modification with the appropriate restric- 



tion enzyme recognition sites of the component 5' and 3* 
ends. In these constructions, functional INF-a hairpin 
ribozyme palliatives will be present at the level of both 
subgenomic and positive stranded genomic Sindbis vector 
20 RNA. 

Example 20 

EX VIVO AND IN VIVO TREATMENT OF 
HUMAN CANCERS BY ADMINISTRATION OF 
25 RECOMBINANT ALPHAVIRUS VECTOR 

PARTICLES OR ALPHAVIRUS PLASMID DNA 
VECTORS WHICH EXPRESS CYTOKINES. 
CYTOKINE RECEPTORS, OR DRUG 
POTENTIATORS 
30 A. VECTOR CONSTRUCTIONS 
1. GAMMA INTERFERON 

Murine gamma interferon is subcloned from the retroviral 
vector plasmid pMu-ylFN (Howard et aH.,Ann. NX Acad 
Sci. 716:167-187, 1994) by digesting with Cla I and making 

35 the termini blunt by Klenow enzyme and dNTPs. After heat 
inactivation of the Klenow enzyme, the vector is digested 
with Xho I. Hie resulting 800 bp fragment containing the 
coding sequences of gamma interferon is isolated from a 1% 
agarose gel. pKSSINBV (Example 3) is digested with Xho 

40 I and Stu I, and the vector is purified by GENECLEAN™ 
and ligated with the gamma interferon insert. The resulting 
vector construction is known as pKSSINyMu. The human 
gamma interferon gene (Howard et al., supra) is similarly 
inserted into pKSSINBV using the same strategy. The 

45 resulting vector construct is known as pKSSINyHu. The- 
interferon expressing Sindbis vectors are then packaged into 
vector particles. This is accomplished by introducing RNA 
from these vectors into a packaging cell line as described in 
Example 7. 

50 The mouse and human interferon genes are also cloned 
into pVGELVISSINBV-linker (see Example 3). Briefly, 
p VGELVISSINBV-linker is first digested with Asc I and the 
termini made blunt by the addition of Klenow enzyme and 
dNTPs. The Klenow is heat inactivated and the vector is 

55 subsequently digested with Xho I. This vector is purified by 
GENECLEAN™ and ligated to the gamma interferon 
inserts prepared as described above. The resulting vectors 
are described pVGELVIS-yMu and pVGELVIS-yHu, 
respectively. 

60 2. INTERLEUKIN-2 

The human IL-2 gene is cloned by PCR amplification into 
the KT-3 retroviral backbone (Howard et z\.,AnnN.YAca<L 
Sci. 716:167-187, 1994). The source for the IL-2 gene is a 
pBR322 based plasmid which contains the IL-2 cDNA 

65 (ATCC #61391). The cDNA is PCR amplified using a 
standard three-temperature protocol as described in 
Example 3. The 5* primer is the sense sequence of the hIL-2 
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gene complimentary to the 5' coding region beginning at the formulated in crude or, preferably, purified form. Pharma- 
ATG start codon. Additionally, a Xbo I site is built into the ceutical compositions comprising the gene delivery vehicles 
5' end of the primer sequence. may be prepared either as a liquid solution or as a solid form 

(e.g., lyophilized) which is resuspended in a solution prior to 
c-m i-cur. rr. Kir. 10^ 5 a^nistration. In addition, the composition may be pre- 

5'-GCCTCGAGACAAiTrrACAGGAi^ P 1 "^ Wlth suitable earners or diluents for topical 



administration, injection, or nasal, oral, vaginal, sub-lingual, 
inhalant, intraocular, enteric, or rectal administration. 
The 3 1 pnmer is an anUsense sequence of the hIL-2 gene Phannaceutiadly acceptable cameis or diluents are non- 
complementary to the 3' coding region ending at the TAA „ , oxic ,„ ^ ^ „ ^ d ^ 
stop codon. Additionally, a Cla I site is built into the 5' end , d . Representative ^ of carriers or &blCDts 

of the pnmer sequence. r • • • ui i * i j * * , 

r 1 for injectable solutions include water, isotonic saline 

solutions, preferably buffered at a physiological pH (such as 

3TiiL-2(SEQ. id no. 124) phosphate-buffered saline or Tris-buffered saline), mannitol, 

5 aatcg ATTTATCAAGTCAGTcnTGG AG atg ATGcr 15 dextrose, glycerol, and ethanol, as well as polypeptides or 

^ — — ^— — _ ^ proteins such as human serum albumin (HSA). 

The PCR amplicon is purified in a 1% agarose gel. To place ^ de ^ e ? vehicles lo me invention can be 

the IL-2 gene in the KT-3 retroviral backbone, pMu-IFN is ? tored m hc l md > or Preferably, lyophilized form. Factors 

digested with Xho I and Cla I to remove the interferon gene. influencing stability include the formulation (liquid, freeze 

After treatment with phosphatase, the vector is purified in a 20 dried, constituents thereof, etc.) and storage conditions, 

1% agarose gel. The vector and IL-2 insert are ligated and including temperature, storage container, exposure to light, 

transformed using standard procedures, and recombinant etc. Alternatively, pharmaceutical compositions according to 

clones are screened by restriction enzyme analysis. The the invention can be stored as liquids at low temperatures. In 

resulting vector is designated pKThIL-2. a preferred embodiment, the gene delivery vehicles of the 

Human IL-2 is subcloned from the retroviral vector 25 invention are formulated to preserve infectivity in a lyo- 

pKThIL2, into the pKSSINBV vector, using the same strat- philized form at elevated temperatures, and for this form to 

egy employed for murine gamma interferon. The resulting be suitable for injection into patients following reconstiru- 

vector construction is known as pKSSIN-huIL-2. The tion. 

human IL-2 gene is also cloned into pVGELVISSINBV- In another aspect of the present invention, methods are 

linker as described above for the gamma interferon genes. 30 provided for preventing or treating various diseases and 

The resulting construct is designated pVGELVIS-IL-2. genetic disorders. Such methods comprise administering a 

3. HSV-TK gene delivery vehicle as described above, such that a thera- 

The coding region and transcriptional termination signals peutically efficacious amount of the desired, or "selected," 

of HSV-1 thymidine kinase gene (HSV-TK) are isolated as gene product is produced. As used herein, a "therapeutically 

a 1.8 kb Bglll/Pvu n fragment from plasmid 322TK 35 effective amount" is an amount mat is of climcal relevance, 

(McKnight et. al., Mtc. Acids Res. 8:5949, 1980) cloned into i.e., protective immunity is achieved, tumor progression is 

pBR 322 (ATCC No. 31344). The ends are made blunt by retarded, etc. A "therapeutically effective amount" of a gene 

the addition of Klenow enzyme and dNTPs. The 1.8 kb delivery vehicle according to the invention refers to the 

fragment is isolated on a 1% agarose gel and ligated to pKS amount that must be administered to produce a therapeuti- 

SINBV which had been previously digested with Stu I, 40 cally effective amount of the desired gene product in a 

phosphatased and gel purified. This construct is known as particular patient or application. For instance, in a patient 

pKSSINBV-TK. For use is physical gene transfer suffering from hemophilia A, a therapeutically effective 

experiments, the TK gene is similarly cloned into amount of a gene delivery vehicle is an amount that elicits 

pVGELVIS-SINBV-linker. The vector is prepared by diges- production of sufficient factor Vin (the desired gene product 

tion with Pml I, phosphatase treatment and isolated on a 1% 45 expressed from the selected heterologous nucleotide 

agarose gel. This vector construct is known as sequence) to produce therapeutically beneficial clotting and 

pVGELVISBV-TK. will thus generally be determined by each patient's attending 

B. ADMINISTRATION physician, although serum levels of about 0.2 ng/mL (about 

Any of the above-described vector constructs may be 0.1% of "normal" levels) or more will be therapeutically 

utilized along with packaging cell lines described in 50 beneficial. Typical dosages will range from about 10 5 to 10 12 

Example 7, in order to produce recombinant alphavirus gene delivery vehicles. 

particles suitable for administration to humans or animals In some cases, gene delivery vehicles according to the 
(either directly or indirectly), or for infecting target cells. invention will be administered as an adjunct to other therapy, 
Such vector constructs may also introduced directly into such as hormonal, radiation, and/or chemotherapeutic treat- 
target cells as a "naked" DNA molecule, as a DNA complex 55 ment. 

with various liposome formulations, or as a DNA ligand In various embodiments of the invention, gene delivery 

complex including the alphavirus DNA vector molecule vehicles may be administered by various routes in vivo, or 

(e.g., along with a polycation compound such as polylysine, ex vivo, as described in greater detail below. Alternatively, 

a receptor specific ligand, or a psoralen inactivated virus the gene delivery vehicles of the present invention may also 

such as Sendai or Adenovirus). 60 be administered to a patient by a variety of other methods. 

This aspect of the invention relates to pharmaceutical Representative examples include transfection by various 

compositions comprising alphavirus vector constructs, physical methods, such as lipofection (Feigner, et al., Proc. 

recombinant alphavirus particles, or eukaryotic layered vec- Natl Acad. Sci. USA, 84:7413, 1989), direct DNA injection 

tor initiation systems described above (individually and/or (Acsadi, et al., Nature, 352:815, 1991; microprojectile bom- 

collectively referred to herein sometimes as "gene delivery 65 bardment (Williams, et al., Proc. Nat'L Acad Sci. USA, 

vehicles'*), in combination with a pharmaceutical^ accept- 88:2726, 1991); liposomes of several types (see e.g., Wang, 

able carrier or diluent. Such gene delivery vehicles can be et al., Proc. Nat'l. Acad. Sci. USA, 84:7851, 1987); CaPQ 4 
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(Dubensky, et al., Prvc. Nat'L Acad. Sci. USA, 81:7529, 
1984); DNA ligand (Wu, et al., J. Biol. Chem., 264:16985, 
1989); or administration of nucleic acids alone (WO 
90/11092). Other possible methods of administration can 
include injection of producer cell lines into the blood or, 
alternatively, into one or more particular tissues, grafting 
tissue comprising cells treated with gene delivery vehicles 
according to the invention, etc. 

When pharmaceutical compositions according to the 
invention are administered in vivo, i.e., to the cells of patient 
without prior removal of the cells from the patient, admin- 
istration can be by one or more routes. In this context, 
"administration" is equivalent to "delivery." Typical routes 
of administration include traditional parenteral routes, such 
as intramuscular (i.m.), subcutaneous (sub-q), intravenous 
(i.v.), and interperitoneal (i.p.) injection. Other suitable 
routes include nasal, pulmonary, and even direct adminis- 
tration into a particular tissue, such as the liver, bone 
marrow, etc. In addition, other routes may be employed, as 
described below. 

Transdermal or topical application of a pharmaceutical 
composition comprising a gene delivery vehicle according 
to the invention may be used as an alternate route of 
administration because the skin is the most expansive and 
readily accessible organ of the human body. Transdermal 
delivery systems (TDS) are capable of delivering a gene 
delivery vehicle through intact skin so that it reaches the 
systemic circulation in sufficient quantity to be therapeuti- 
cally effective. TDS provide a variety of advantages, inchid 
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intended for multiple dose use. Formulations also may 
consist of aqueous suspensions, ointments, gels, inserts, 
bioadhesives, microp articles, and nanoparticles. 

The nasal cavity also offers an alternative route of admin- 
istration for compositions comprising a gene delivery 
vehicle as described herein. For instance, the human nasal 
cavities have a total surface area of approximately 150 cm 2 
and are covered by a highly vascular mucosal layer. A 
respiratory epithelium, comprised of columnar cells, goblet 
cells, and ciliary cuboidal cells, lines most of the nasal cavity 
(Chien, et al, Crit. Rev. in Therap. Drug Car. Sys., 4:67, 
1987). The subepithelium contains a dense vascular network 
and the venous blood from the nose passes directly into the 
systemic circulation, avoiding first-pass metabolism in the 
liver. Thus, delivery to the upper region of the nasal cavity 
may result in slower clearance and increased bioavailability 
of gene delivery vehicles. The absence of cilia in this area is 
an important factor in the increased effectiveness of nasal 
sprays as compared to drops. The addition of viscosity- 
20 building agents, such as methycellulose, etc. can change the 
pattern of deposition and clearance of intranasal applica- 
tions. Additionally, bioadhesives can be used as a means to 
prolong residence time in the nasal cavity. Various formu- 
lations comprising sprays, drops, and powders, with or 
without the addition of absorptive enhancers, have been 
described (see Wearley, L, supra ). 

Oral administration includes sublingual, buccal, and gas- 
trointestinal delivery. Sublingual and buccal (cheek) deliv- 
ery allow for rapid systemic absorption of gene delivery 
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ing elimination of gastrointestinal absorption problems and 30 vehicles and avoid hepatic first-pass metabolism and deg- 



hepatic first pass effect, reduction of dosage and dose 
intervals, and improved patient compliance. The major 
components of TDS are a controlled release device com- 
posed of polymers, a gene delivery vehicle according to the 
invention, excipients, and enhancers, and a fastening system 
to fix the device to the skin. A number of polymers have been 
described and include, but are not limited to, gelatin, gum 
arabic, paraffin waxes, and cellulose acetate phthalate 
(Sogjbayasi, et al., 7. Controlled Release, 29:177, 1994). 
These polymers can be dermatologically formulated into 
aqueous, powder, or oil phases. Various combinations can 
produce lotions, pastes, ointments, creams, and gels, alone 
or together with the aid of emulsifiers. 

Additionally, iontophoresis may be used to cause 
increased penetration of ionized substances into or through 
the skin by the application of an electrical field. This method 
has the advantage of being able to deliver the drug in a 
pulsatile manner (Singh, et H, Dermatology, 187:235, 1993). 

Topical administration may also be accomplished by 
encapsulating gene delivery vehicles according to the inven- 
tion in liposomes. Hyaluronic acid has been used as a 
bioadhesive ligand for the formation of liposomes to 
enhance adherence and retention to the extracellular matrix 
in cases of bums and wound healing (Yerushalmi, et al., 
Arch. Biochem. andBiophys, 313:267, 1994). As those in the 
art will appreciate, methods of liposome preparation can be 
tailored to control size and morphology. Liposomes can also 
be made to include one or more targeting elements to target 
a specific cell type. 

Ocular administration is an alternate route to achieve 
delivery of compositions described herein. Systemic absorp- 
tion occurs through contact with the conjunctival and nasal 
mucosae, the latter occurring as the result of drainage 
through the nasolacrimal duct. Formulations such as those 
described above which further comprise inert ingredients 
such as buffers, chelating agents, antioxidants, and preser- 
vatives can be incorporated into ophthalmic dosage forms 



radation in the stomach and intestines. Unidirectional buccal 
delivery devices can be designed for oral mucosal absorp- 
tion only. Additionally, these devices can prevent diffusion- 
limiting mucus buildup to allow for enhanced absorption. 
35 Delivery through the gastrointestinal tract allows for precise 
targeting for drug release. Depending on the formulation, 
gene delivery vehicles can be specifically delivered to areas 
in the stomach, duodenum, jejunum, ileum, cecum, colon, or 
rectum. Oral formulations include tablets, capsules, aqueous 
40 suspensions, and gels. These may contain bioadhesive 
polymers, hydrodynamically balanced systems, gastro inflat- 
able delivery devices, intragastric retention shapes, enteric 
coatings, excipients, or intestinal absorption promoters 
(Ritschel, W. A., Meth. Exp. Clin. Pharmacol., 13::313, 
1991). 

The human rectum has a surface area of between 200 to 
400 cm 2 and is abundant in blood and lymphatic vessels. 
This offers an alternative route for administrating composi- 
tions according to the invention. Depending on the actual 
site of administration, it may be possible to bypass first-pass 
metabolism by the liver. Targeting of the systemic circula- 
tion can be achieved by delivering the vehicle to an area 
behind the internal rectal sphincter which allows absorption 
directly into the inferior vena cava, thereby bypassing the 
portal circulation and avoiding metabolism in the liver. The 
liver can be targeted by delivering the vehicle to the region 
of the ampulla recti, which allows absorption into the portal 
system (Ritschel, supra.). 

Alternatively, pulmonary administration can be accom- 
60 plished through aerosolization. As the lungs are highly 
vascularized, this type of administration allows systemic 
delivery. The three systems commonly used for aerosol 
production are: the nebulizer, the pressurized metered dose 
inhaler, and the dry powder inhaler, all of which are known 
65 in the art. Aerosol therapy is very common in obstructive 
bronchial diseases but can be used as well as for the 
treatment of systemic diseases. The surface area of the adult 
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human lung is approximately 75 m 2 and requires only one glutinin or an inactivated virus) is added to facilitate the 

puff of an aerosol to cover this entire area within seconds. release of DNA from the endosome, or a nuclear protein (or 

Absorption occurs quickly because the walls of the alveoli a peptide containing a nuclear localization signal) is added 

in the deep lung are extremely thin. Absorption and clear- to facilitate the transport of the DNA into the nucleus. In a 

ance depends on a number of factors, including particle size 5 further preferred embodiment, the composition comprising 

and solubility (Wearley, L, supra ). Particles are preferably the complex includes inactivated adenovirus particles 

smaller than 5 in diameter. (Curiel, D. T, et al., iWAS 88: 8850-8854, 1991; Cristiano, 

The vaginal mucosa consists of stratified squamous epi- R. J., PNAS 90: 2122-2126 1993; Cotten, M., et al., PNAS 

thelium. Gene delivery vehicles can be administered through 89: 6094-6098 1992; Lozier, J. N., et al., Human Gene 
the vaginal orifice onto the mucosa. Formulations include 10 Therapy 5: 313-322, 1994; Curiel, D. T.,et al., Human Gene 

ointments, creams, and suppositories. Additional informa- Therapy 3: 147-154, 1992; Plank, C. et al., Bioconjugate 

tion regarding these and other routes of administration may Chem. 3: 533-539, 1992; Wagner, E. et al., PNAS 88: 

be found in U.S. Ser. No. 08/366,788. 4255-4259, 1991). The assorted components comprising the 

As an alternative to in vivo adminstration of the gene multi-layer complex may be varied as desired, so that the 
delivery vehicles of the invention, ex vivo adminstration can is specificity of the complex for a given tissue, or the gene 

be employed. Ex vivo treatment envisions withdrawal or expressed from the gene delivery vehicle, may be varied to 

removal of a population of cells from a patient. Exemplary better suit a particular disease or condition, 

cell populations include bone marrow cells, liver cells, and As noted above, various methods may be utilized to 

blood cells from the umbilical cord of a newborn. Such cells administer gene delivery vehicles of the present invention, 
may be processed to purify desired cells for transduction 20 including nucleic acids which encode the immunogenic 

prior to such procedures, for instance to obtain subsets of portion(s) discussed above, to warm-blooded animals such 

such cell populations, e.g., CD34 + bone marrow progenitor as humans, directly. Suitable methods include, for example, 

cells. Preferred methods of purification include various cell various physical methods such as direct DNA injection 

sorting techniques, such as antibody panning, FACS, and (Acsadi ictal., Nature 352:815-818, 1991), and microprojec- 

affinity chromatography using a matrix coupled to antibod- 25 tile bombardment (Williams et al., PNAS 88:2726-2730, 

ies specifcialfy reactive to the desired cell type(s). Isolated 1991). 

cells are then transduced, after which they may be imme- Within an in vivo context, the gene delivery vehicle can 

diately re-introduced to the patient from which they were be injected into the interstitial space of tissues including 

withdrawn. Alternatively, the cells may be expanded in muscle, brain, liver, skin, spleen or blood (see, WO 

culture by various techniques known to those skilled in the 30 90/11092). Administration may also be accomplished by 

art prior to re-introduction. intravenous injection or direct catheter infusion into the 

In another embodiment of the invention, gene delivery cavities of the body (see, WO 93/00051), discussed in more 

vehicles of the invention are administered to patients in detail below. 

conjunction with another therapeutic compound. As those in It is generally preferred that administration of the gene 

the art will appreciate, such compounds may include, but are 35 delivery vehicles at multiple sites be via at least two injec- 

not limited to, other gene delivery vehicles designed to tions. In this regard, suitable modes of administration 

deliver one or more other therapeutic genes to the patient, as include intramuscular, intradermal and subcutaneous 

is described in U.S. Ser. No. 08/368,210, U.S. Ser. No. injections, with at least one of the injections preferably being 

08/368,210. intramuscular. In particularly preferred embodiments, two or 

In accordance with the non-parenteral administration the 40 more of the injections are intramuscular. However, although 

present invention, the gene delivery vehicles, particularly administration via injections is preferred, it will be evident 

those comprised of unencapsidated nucleic acid, may be that the gene delivery vehicles may be administered through 

complexed with a polycationic molecule to provide multiple topical or separate ocular administrations. Further, 

polycation -assisted non-parenteral administration. Such a a number of additional routes are suitable for use within the 

method of gene delivery facilitates delivery of a gene via 45 present invention when combined with one or more of the 

mediation by a physical particle comprised of multiple routes briefly noted above, including intraperitoneal, 

components that augment the efficiency and specificity of intracranial, oral, rectal, nasal, vaginal and sublingual 

the gene transfer. In particular, polycationic molecules, such administration. Methods of formulating and administering 

as polylysine and histone, have been shown to neutralize the the gene delivery vehicles at multiple sites through such 

negative charges on a nucleic acid molecule and to condense 50 routes would be evident to those skilled in the art and are 

the molecule into a compact form. This form of molecule is described in U.S. Ser. No. 08/366,788 and U.S. Ser. No. 

transferred with high efficiency in cells, apparently through 08/367,071 incorporated herein by reference in their 

the endocytic pathway. The uptake in expression of the entirety, 

nucleic acid molecule in the host cell results after a series of C. Liposome Formulation 

steps, as follows: (1) attachment to cell surface; (2) cell entry 55 Several methods may be used in the preparation of 

via endocytosis or other mechanisms; (3) cytoplasmic com- liposomes to incorporate gene delivery vehicles of the 

partment entry following endosome release; (4) nuclear invention, particularly those that are DNA or RNA, see 

transport; and (5) expression of the nucleic acid molecule Gregoriadis et. al., (Liposome Technology, CFC Press, New 

carried by the gene delivery vehicle. In a further preferred York 1984), Ostro et. al., (Liposomes, Marek Dekker, 1987) 

embodiment, multi-layer technologies are applied to the 60 and lichtenberg et. al., (Meth. Biochem. Anal 33:337, 

polycation-nucleic acid molecule complex to facilitate 1988). According to one embodiment of the invention, the 

completion of one or more of these steps. For example, a gene delivery vehicles are complexed with cationic lipo- 

ligand such as asialoglyooprotein, transferrin, and immuno- somes or lipid vesicles. Cationic liposome formulations may 

globulin may be added to the complex to facilitate binding be prepared from a mixture of. positively charged lipids, 

of the cell complex to the cell surface, an endosomal 65 negatively charged lipids, neutral lipids and cholesterol or 

disruption component (e.g., a viral protein, a fusogenic similar sterol The positively charged lipids may be DMRIE 

peptide such as the n-terminus of the influenza virus hema- (Feigner, et al., J. Biol Chem. 269:1, 1994), DOTMA, 
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DOTAP or analogs thereof or a combination of two or more 
of these lipids. DMRIE is described in U.S. Ser. No. 
07/686,746 which is hereby incorporated reference. The 
neutral and negatively charged Lipids can be any natural or 
synthetic phospholipid or mono-, di- or triglycerols. The 
natural phospholipids may be derived from animal and plant 
sources. For example, natural phospholipids such as 
phosphatidylcholine, phosphotidylethanolamine, 
sphingomylin, phosphotidylserine, or phosphotidylinositol 
may be utilized. Synthetic phospholipids may be selected 
from those having fatty acid groups such as 
dimyristoylphophatidylcholine, 
distearoylphosphatidylcholine, 
dipalmitoylphosphatidylcholine, 
distearoylphosphatidylcholine, and the corresponding phos- 
phatidylethanolamines and phosphatidylglycerols. The neu- 
tral lipids may be phosphatidylcholine, cardiolipin, 
phosphatidylethanolamine, mono-, di- or triacylglycerols, or 
analogs thereof such as dioleoyfphosphatidylethanolamine 
(DOPE). The negatively charged lipids may be 
pbosphatidylglycerol, phosphatidic acid or a similar phos- 
pholipid analog. Other additive known to those skilled in the 
art may also be used such as cholesterol, glycolipids, fatty 
acids, sphingolipids, prostaglandins, ganghosides, neobee, 
niomes, or any other natural or synthetic amphophiles. 

Substitution of the cationic lipid component of liposomes 
may be used to alter the transfection efficiency of the 
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liposome. For example, l,2-dimyristyloxypropyl-3- 
dimethyl-hydroxyethyl ammonium bromide (DMRIE) is 
used in conjunction with DOPE which provides increased 
transfection efficiency and does not aggregate at high con- 
centrations as other formulations such as DC-cholesterol/ 
DOPE. These characteristics allows for higher absolute 
concentrations of DNA and liposomes to be introduced into 
patients in vivo without increased levels of toxicity. A 
preferred molar ratio of DMRIE to DOPE of 9:1 to 1:9 with 
a particularly preferred molar ratio of 5:5 (see WO 94/29469 
incorporated herein by reference) 

From the foregoing, it will be appreciated that, although 
specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 

Additionally, the publications and other materials cited to 
illuminate the background of the invention, and in particular, 
to provide additional details concerning its practice as 
described in the detailed description and examples, are 
hereby incorporated by reference in their entirety. 

A Sequence Listing has also been included herewith in 
accordance with the provisions of 37 C.F.R. § 1.821 et seq. 
To the extent any discrepancy exists between the Specifi- 
cation Figures and the Sequence Listing, the specification or 
Figures should be considered to be the primary document 



SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

(iii ) NUMBER OP SEQUENCES: 128 

( 2 ) INFORMATION FOR SEQ ID NOtl: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 16656 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOtl: 

ATTGACGGCG TAGTACACAC TATTGAATCA AACAGCCGAC CAATCGCACT ACCATCACAA 60 

TGGAGAAGCC AGTAGTAAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGC 120 

AAAAAAGCTT CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA 180 

ATGCCAGAGC ATTTTCGCAT CTGGCCAGTA AACTAATCGA GCTGGAGGTT CCTACCACAG 240 

CGACGATCTT GGACATAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 300 

ATTGTGTCTG CCCCATGCGT AGTCCAGAAG ACCCGGACCG CATGATGAAA TATGCCAGTA 360 

AACTGGCGGA AAAAGCGTGC AAGATTACAA ACAAGAACTT GCATGAGAAG ATTAAGGATC 420 

TCCGGACCGT ACTTGATACG CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 480 

TTACCTGCAA CATGCGTGCC GAATATTCCG TCATGCAGGA CGTGTATATC AACGCTCCCG 540 

GAACTATCTA TCATCAGGCT ATGAAAGGCG TGCGGACCCT GTACTGGATT GGCTTCGACA 600 

CCACCCAGTT CATGTTCTCG GCTATGGCAG GTTCGTACCC TGCGTACAAC ACCAACTGGG 660 

CCGACGAGAA AGTCCTTGAA GCGCGTAACA TCGGACTTTG CAGCACAAAG CTGAGTGAAG 720 

GTAGGACAGG AAAATTGTCG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT 780 

ATTTCTCCGT AGGATCGACA CTTTATCCAG AACACAGAGC CAGCTTGCAG AGCTGGC A TC 840 
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TTCCATCCGT GTTCC ACTTG AATGGAAAGC AGTCGTACAC TTGCCGCTGT GATACAGTGG 900 

TGAGTTGCGA AGGCTACGTA GTGAAGAAAA TCACCATCAG TCCCGGGATC ACGGGAGAAA 960 

CCGTGGGATA CGCGGTTACA CACAATAGCG AGGGCTTCTT GCTATGCAAA GTTACTGACA 1020 

CAGTAAAAGG AGAACGGGTA TCGTTCCCTG TGTGCACGTA CATCCCGGCC ACCATATGCG 1080 

ATCAGATGAC TGGTCTAATG GCCACGGATA TATCACCTGA CGATGCACAA AAACTTCTGG 1140 

TTGGGCTCAA CCAGCGAATT GTCATTAACG GTAGGACTAA CAGGAACACC AACACCATGC 1200 

AAAATTACCT TCTGCCGATC ATAGCACAAG GGTTCAGCAA ATGGGCTAAG GAGCGCAAGG 1260 

ATGATCTTGA TAACGAGAAA ATGCTGGGTA CTAGAGAACG CAAGCTTACG TATGGCTGCT 1320 

TGTGGGCGTT TCGCACTAAG AAAGTACATT CGTTTTATCG CCCACCTGGA ACGCAGACCT 1380 

GCGTAAAAGT CCCAGCCTCT TTTAGCGCTT TCCCCATGTC GTCCGTATGG ACGACCTCTT 1440 

TGCCC ATGTC GCTGAGGCAG AAATTGAAAC TGGCATTGCA ACCAAAGAAG GAGGAAAAAC 1500 

TGCTGCAGGT CTCGGAGGAA TTAGTCATGG AGGCCAAGGC TGCTTTTGAG GATGCTCAGG 1560 

AGGAAGCCAG AGCGGAGAAG CTCCGAGAAG CACTTCCACC ATTAGTGGCA GACAAAGGCA 1620 

TCGAGGCAGC CGCAGAAGTT GTCTGCGAAG TGGACGGGCT CCAGGCGGAC ATCGGAGCAG 1680 

CATTAGTTGA AACCCCGCGC GGTCACGTAA GGATAATACC TCAAGCAAAT GACCGTATGA 1740 

TCGGACAGTA TATCGTTGTC TCGCCAAACT CTGTGCTGAA GAATGCCAAA CTCGCACCAG 1800 

CGCACCCGCT AGCAGATCAG GTTAAGATCA TAACACACTC CGGAAGATCA GGAAGGTACG I860 

CGGTCGAACC ATACGACGCT AAAGTACTGA TGCCAGCAGG AGGTGCCGTA CCATGGCCAG 1920 

AATTCCTAGC ACTGAGTGAG AGCGCCACGT TAGTGTACAA CGAAAGAGAG TTTGTGAACC 1980 

GCAAACTATA CCACATTGCC ATGCATGGCC CCGCCAAGAA TACAGAAGAG GGGCAGTACA 2040 

AGGTTACAAA GGCAGAGCTT GCAGAAACAG AGTACGTGTT TGACGTGGAC AAGAAGCGTT 2 100 

GCGTTAAGAA GGAAGAAGCC TCAGGTCTGG TCCTCTCGGG AGAACTGACC AACCCTCCCT 2 160 

ATCATGAGCT AGCTCTGGAG GGACTGAAGA CCCGACCTGC GGTCCCGTAC AAGGTCGAAA 2220 

CAATAGGAGT GATAGGCACA CCGGGGTCGG GCAAGTCCGC TATTATCAAG TCAACTGTCA 2280 

CGGCACGAGA TCTTGTTACC AGCGGAAAGA AAGAAAATTG TCGCGAAATT GAGGCCGACG 2 3 40 

TGCTAAGACT GAGGGGTATG CAGATTACGT CGAAGACAGT AGATTCGGTT ATGCTCAACG 2400 

GATGCCACAA AGCCGTAGAA CTGCTGTACG TTGACGAAGC GTTCGCGTGC CACGCAGGAG 2460 

CACTACTTGC CTTGATTCCT ATCCTCAGGC CCCGCAAGAA GGTAGTACTA TGCGGAGACC 2520 

CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAT CACCCTGAAA 2580 

AAGACATATG CACCAAGACA TTCTACAAGT ATATCTCCCG GCGTTGCACA CAGCCAGTTA 2640 

CAGCTATTGT ATCGACACTG CATTACGATG GAAAGATGAA AACCACGAAC CCGTGCAAGA 2700 

AGAACATTGA AATCGATATT ACAGGGGCCA CAAAGCCGAA GCCAGGGGAT ATCATCCTGA 2760 

CATGTTTCCG CGGGTGGGTT AAGCAATTGC AAATCGACTA TCCCGCACAT GAAGTAATGA 2820 

CAGCCGCGGC CTCACAAGGG CTAACCAGAA AAGGAGTGTA TGCCGTCCGG CAGAAAGTCA 2880 

ATGAAAACCC ACTGTACGCG ATCACATCAG AGCATGTGAA CGTGTTGCTC ACCCGCACTG 2940 

AGGACAGGCT AGTGTGGAAA ACCTTGCAGG GCGACCCATG GATTAAGCAG CTCACTAACA 3000 

TACCTAAAGG AAACTTTCAG GCTACTATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060 

TTGCTGCAAT AAACAGCCCC ACTCCCCGTG CCAATCCGTT CAGCTGCAAG ACCAACGTTT 3 120 

GCTGGGCGAA AGCATTGGAA CCGATACTAG CCACGGCCGG TATCGTACTT ACCGGTTGCC 3 180 

AGTGGAGCGA ACTGTTCCCA CAGTTTGCGG ATGACAAACC ACATTCGGCC ATTTACGCCT 3240 
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TAGACGTAAT TTGCATTAAG TTTTTCGGCA TGGACTTGAC AAGCGGACTG TTTTCTAAAC 3300 

AGAGCATCCC ACTAACGTAC CATCCCGCCG ATTCAGCGAG GCCGGTAGCT CATTGGGACA 3360 

ACAGCCCAGG AACCCGCAAG TATGGGTACG ATCACGCCAT TGCCGCCGAA CTCTCCCGTA 3420 

GATTTCCGGT GTTCCAGCT A GCTGGGAAGG GCACACAACT TGATTTGCAG ACGGGGAGAA 3480 

CCAGAGTTAT CTCTGCACAG CATAACCTGG TCCCGGTGAA CCGCAATCTT CCTCACGCCT 3540 

TAGCCCCCGA GTACAAGGAG AAGCAACCCG GCCCGGTCGA AAAATTCTTG AACCAGTTCA 3600 

AACACCACTC AGTACTTGTG GTATCAGAGG AAAAAATTGA AGCTCCCCGT AAGAGAATCG 3660 

AATGGATCGC CCCGATTGGC ATAGCCGGTG CAGATAAGAA CTACAACCTG GCTTTCGGGT 3 720 

TTCCGCCGCA GGCACGGTAC GACCTGGTGT TCATCAACAT TGGAACTAAA TACAGAAACC 3 780 

ACCACTTTCA GCAGTGCGAA GACCATGCGG CGACCTTAAA AGCCCTTTCG CGTTCGGCCC 3840 

TGAATTGCCT CAACCCAGGA GGCACCCTCG TGGTGAAGTC CTATGGCTAC GCCGACCGCA 3900 

ACAGTGAGGA CGTAGTCACC GCT CTTGCC A GAAAGTTTGT CAGGGTGTCT GCAGCGAGAC 3 9 6 0 

CAGATTGTGT CTCAAGCAAT ACAGAAATGT ACCTGATTTT CCGACAACTA GACAACAGCC 4020 

GTACACGGCA ATTCACCCCG CACCATCTGA ATTGCGTGAT TTCGTCCGTG TATGAGGGTA 4080 

CAAGAGATGG AGTTGGAGCC GCGCCGTCAT ACCGCACCAA AAGGGAGAAT ATTGCTGACT 4140 

GTCAAGAGGA AGCAGTTGTC AACGCAGCCA ATCCGCTGGG TAGACCAGGC GAAGGAGTCT 4200 

GCCGTGCCAT CTATAAACGT TGGCCGACCA GTTTTACCGA TTCAGCCACG GAGACAGGCA 4260 

CCGCAAGAAT GACTGTGTGC CTAGGAAAGA AAGTGATCCA CGCGGTCGGC CCTGATTTCC 4320 

GGAAGCACCC AGAAGCAGAA GCCTTGAAAT TGCTACAAAA CGCCTACCAT GCAGTGGCAG 4380 

ACTTAGTAAA TGAACATAAC ATCAAGTCTG TCGCCATTCC ACTGCTATCT ACAGGCATTT 4440 

ACGCAGCCGG AAAAGACCGC CTTGAAGTAT CACTTAACTG CTTGACAACC GCGCTAGACA 4 500 

GAACTGACGC GGACGTAACC ATCTATTGCC TGGATAAGAA GTGGAAGGAA AGAATCGACG 4560 

CGGCACTCCA ACTTAAGGAG TCTGTAACAG AGCTGAAGGA TGAAGATATG GAGATCGACG 4620 

ATGAGTTAGT ATGGATCCAT CCAGACAGTT GCTTGAAGGG AAGAAAGGGA TTCAGTACTA 4680 

CAAAAGGAAA ATTGTATTCG TACTTCGAAG GCACCAAATT CCATCAAGCA GCAAAAGACA 4 740 

TGGCGGAGAT AAAGGTCCTG TTCCCTAATG ACCAGGAAAG TAATGAACAA CTGTGTGCCT 4800 

ACATATTGGG TGAGACCATG GAAGCAATCC GCGAAAAGTG CCCGGTCGAC CATAACCCGT 4860 

CGTCTAGCCC GCCCAAAACG TTGCCGTGCC TTTGCATGTA TGCCATGACG CCAGAAAGGG 4920 

TCCACAGACT TAGAAGCAAT AACGTCAAAG AAGTTACAGT ATGCTCCTCC ACCCCCCTTC 4980 

CTAAGCACAA AATTAAGAAT GTTCAGAAGG TTCAGTGCAC GAAAGTAGTC CTGTTTAATC 5040 

CGCACACTCC CGCATTCGTT CCCGCCCGTA AGTACATAGA AGTGCCAGAA CAGCCTACCG 5100 

CTCCTCCTGC ACAGGCCGAG GAGGCCCCCG AAGTTGTAGC GACACCGTCA CCATCTACAG S160 

CTGATAACAC CTCGCTTGAT GTCACAGACA TCTCACTGGA TATGGATGAC AGTAGCGAAG 5220 

GCTCACTTTT TTCGAGCTTT AGCGGATCGG ACAACTCTAT TACTAGTATG GACAGTTGGT 5280 

CGTCAGGACC TAGTTCACTA GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC 5340 

ATGCCGTCCA TGAGCCTGCC CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 5400 

CAGCGGCAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTCC CTCCACCTCT 5460 

CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATTTTCGA CGGAGAGACG GCCCGCCAGG 5520 

CAGCGGTACA ACCCCTGGCA ACAGGCCCCA CGGATGTGCC TATGTCTTTC GGATCGTTTT 5580 

CCGACGGAGA GATTGATGAG CTGAGCCGCA GAGCAACTGA GTCCGAACCC GTCCTGTTTG 5640 
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GATCATTTGA ACCGGGCGAA GTGAACTCAA TT AT ATCGTC CCGATCAGCC OTATCTTTTC 5700 

CACTACGCAA GCAGAGACGT AGACGCAGGA GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760 

TAGGTGGGTA CATATTTTCC ACGGACACAG GCCCTGGGCA CTTGCAAAAG AAGTCCGTTC 5820 

TGCAGAACCA GCTTACAGAA CCG A CCTTGG AGCGCAATGT CCTGGAAAGA ATTCATGCCC 5 88 0 

CGGTGCTCGA CACGTCGAAA GAGGAACAAC TCAAACTCAG GTACCAGATG ATGCCCACCG 5940 

AAGCCAACAA AAGTAGGTAC CAGTCTCGTA AAGTAGAAAA TCAGAAAGCC ATAACCACTG 6000 

AGCGACTACT GTCAGGACTA CGACTGTATA ACTCTGCCAC AGATCAGCCA GAATGCTATA 6060 

AGATCACCTA TCCGAAACCA TTGTACTCCA GTACCGTACC GGCGAACTAC TCCGATCCAC 6120 

AGTTCGCTGT AGCTGTCTGT AACAACTATC TGCATGAGAA CTATCCGACA GTAGCATCTT 6180 

ATCAGATTAC TGACGAGTAC GATGCTTACT TGGATATGGT AGACGGGACA GTCGCCTGCC 6240 

TGGATACTGC AACCTTCTGC CCCGCTAAGC TTAGAAGTTA CCCGAAAAAA CATGAGTATA 6300 

GAGCCCCGAA TATCCGCAGT GCGGTTCCAT CAGCGATGCA GAACACGCTA CAAAATGTGC 6360 

TCATTGCCGC AACTAAAAGA AATTGCAACG TCACGCAGAT GCGTGAACTG CCAACACTGG 6420 

ACTCAGCGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ATGTAATGAC GAGTATTGGG 6480 

AGGAGTTCGC TCGGAAGCCA ATTAGGATTA CCACTGAGTT TGTCACCGCA TATGTAGCTA 6540 

GACTGAAAGG CCCTAAGGCC GCCACACTAT TTGCAAAGAC GTATAATTTG GTCCCATTGC 6600 

AAGAAGTGCC TATGGATAGA TTCGTCATGG ACATGAAAAG AGACGTGAAA GTTACACCAG 6660 

GCACGAAACA CACAGAAGAA AGACCGAAAG TACAAGTGAT ACAAGCCGCA GAACCCCTGG 6720 

CGACTGCTTA CTTATGCGGG ATT CACCGGG AATTAGTGCG TAGGCTTACG GCCGTCTTGC 6780 

TTCCAAACAT TCACACGCTT TTTGACATGT CGGCGGAGGA TTTTGATGCA ATCATAGCAG 6840 

AACACTTCAA GCAAGGCGAC CCGGTACTGG AGACGGATAT CGCATCATTC GACAAAAGCC 6 9 00 

AAGACGACGC TATGGCGTTA ACCGGTCTGA TGATCTTGGA GGACCTGGGT GTGGATCAAC 6960 

CACTACTCGA CTTGATCGAG TGCGCCTTTG GAGAAATATC ATCCACCCAT CTACCTACGG 7020 

GTACTCGTTT TAAATTCGGG GCGATGATGA AATCCGGAAT GTTCCTCACA CTTTTTGTCA 7080 

ACACAGTTTT GAATGTCGTT ATCGCCAGCA GAGTACTAGA AGAGCGGCTT AAAACGTCCA 7 140 

GATGTGCAGC GTTCATTGGC GACGACAACA TCATACATGG AGTAGTATCT GACAAAGAAA 7200 

TGGCTGAGAG GTGCGCCACC TGGCTCAACA TGGAGGTTAA GATCATCGAC GCAGTCATCG 7260 

GTGAGAGACC ACCTTACTTC TGCGGCGGAT TTATCTTGCA AGATTCGGTT ACTTCCACAG 7320 

CGTGCCGCGT GGCGGATCCC CTGAAAAGGC TGTTTAAGTT GGGTAAACCG CTCCCAGCCG 7380 

ACGACGAGCA AGACGAAGAC AGAAGACGCG CTCTGCTAGA TGAAACAAAG GCGTGGTTTA 7440 

GAGTAGGTAT AACAGGCACT TTAGCAGTGG CCGTGACGAC CCGGTATGAG GTAGACAATA 7500 

TTACACCTGT CCTACTGGCA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560 

TCAGAGGGGA AATAAAGCAT CTCTACCGTG GTCCTAAATA GTCAGCATAG TACATTTCAT 76 20 

CTGACTAATA CTACAACACC ACCACCATGA ATAGAGGATT CTTTAACATG CTCGGCCGCC 7680 

GCCCCTTCCC GGCCCCCACT GCCATGTGGA GGCCGCGGAG AAGGAGGCAG GCGGCCCCGA 7740 

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCACAGCC GTCAGTGCCC 7800 

TAGTCATTGG ACAGGCAACT AGACCTCAAC CCCCACGTCC ACGCCCGCCA CCGCGCCAGA 7860 

AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920 

AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 79 80 

CCGACAGATT GTTCGACGTC AAGAACGAGG ACGGAGATGT CATCGGGCAC GCACTGGCCA 8040 
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TGGAAGGAAA GGTAATGAAA CCTCTGCACG TGAAAGGAAC CATCGACCAC CCTGTGCTAT 8100 

CAAAGCTCAA ATTTACCAAG TCGTCAGCAT ACGACATGGA GTTCGCACAG TTGCCAGTCA 8160 

ACATGAGAAG TGAGGCATTC ACCTACACCA GTGAACACCC CGAAGGATTC TATAACTGGC 8220 

ACCACGGAGC GGTGCAGTAT AGTGGAGGTA GATTTACCAT CCCTCGCGGA GTAGGAGGCA 8280 

GAGGAGACAG CGGTCGTCCG ATCATGGATA ACTCCGGTCG GGTTGTCGCG ATAGTCCTCG 8340 

GTGGCGCTGA TGAAGGAACA CGAACTGCCC TTTCGGTCGT CACCTGGAAT AGTAAAGGGA 8400 

AGACAATTAA GACGACCCCG GAAGGGACAG AAGAGTGGTC CGCAGCACCA CTGGTCACGG 8460 

CAATGTGTTT GCTCGGAAAT GTGAGCTTCC CATGCGACCG CCCGCCCACA TGCTATACCC 8520 

GCGAACCTTC CAGAGCCCTC GACATCCTTG AAGAGAACGT GAACCATGAG GCCTACGATA 8580 

CCCTGCTCAA TGCCATATTG CGGTGCGGAT CGTCTGGCAG AAGCAAAAGA AGCGTCGTTG 8640 

ACGACTTTAC CCTGACCAGC CCCTACTTGG GCACATGCTC GTACTGCCAC CATACTGAAC 8700 

CGTGCTTCAG CCCTGTTAAG ATCGAGCAGG TCTGGGACGA AGCGGACGAT AACACCATAC 8760 

GCATACAGAC TTCCGCCCAG TTTGGATACG ACCAAAGCGG AGCAGCAAGC GCAAACAAGT 8820 

ACCGCTACAT GTCGCTTAAG CAGGATCACA CCGTTAAAGA AGGCACCATG GATGACATCA 8880 

AGATTAGCAC CTCAGGACCG TGTAGAAGGC TTAGCTACAA AGGATACTTT CTCCTCGCAA 8940 

AATGCCCTCC AGGGGACAGC GTAACGGTTA GCATAGTGAG TAGCAACTCA GCAACGTCAT 9000 

GTACACTGGC CCGCAAGATA AAACCAAAAT TCGTGGGACG GGAAAAATAT GATCTACCTC 9060 

CCGTTCACGG TAAAAGAATT CCTTGCACAG TGTACGACCG TCTGAAAACA ACTGCAGGCT 9120 

ACATCACTAT GCACAGGCCG GGACCGCACG CTTATACATC CTACCTGGAA GAATCATCAG 9180 

GGAAAGTTTA CGCAAAGCCG CCATCTGGGA AGAACATTAC GTATGAGTGC AAGTGCGGCG 9240 

ACTACAAGAC CGGAACCGTT TCGACCCGCA CCGAAATCAC TGGTTGCACC GCCATCAAGC 9300 

AGTGCGTCGC CTATAAGAGC GACCAAACGA AGTGGGTCTT CAACTCACCG GACTTGATCA 9360 

GACATGACGA CCACACGGCC CAAGGGAAAT TGCATTTGCC TTTCAAGTTG ATCCCGGGTG 9420 

CCTGCATGGT CCCTGTTGCC CACGCGCCGA ATGTAATACA TGGCTTTAAA CACATCAGCC 9480 

TCCAATTAGA TACAGACCAC TTGACATTGC TCACCACCAG GAGACTAGGG GCAAACCCGG 9 540 

AACCAACCAC TGAATGGATC GTCGGAAAGA CGGTCAGAAA CTTCACCGTC GACCGAGATG 9600 

GCCTGGAATA CATATGGGGA AATCATGAGC CAGTGAGGGT CTATGCCCAA GAGTCAGCAC 9660 

CAGGAGACCC TCACGGATGG CCACACGAAA TAGTACAGCA TTACTACCAT CGCCATCCTG 9720 

TGTACACCAT CTTAGCCGTC GCATCAGCTA CCGTGGCGAT GATGATTGGC GTAACTGTTG 9780 

CAGTGTTATG TGCCTGTAAA GCGCGCCGTG AGTGCCTGAC GCCATACGCC CTGGCCCCAA 9840 

ACGCCGTAAT CCCAACTTCG CTGGCACTCT TGTGCTGCGT TAGGTCGCCC AATGCTGAAA 9900 

CGTTCACCGA GACCATGAGT TACTTGTGGT CGAACAGTCA GCCGTTCTTC TGGGTCCAGT 9960 

TGTGCATACC TTTGGCCGCG TTCATCGTTC TAATGCGCTA CTGCTCCTGC TGCCTGCCTT 10020 

TTTTAGTGGT TGCCGGCGCC TACCTGGCGA AGGTAGACGC CTACGAACAT GCGACCACTG 10080 

TTCCAAATGT GCCACAGATA CCGTATAAGG CACTTGTTGA AAGGGCAGGG TATGCCCCGC 10 140 

TCAATTTGGA GATCACTGTC ATGTCCTCGG AGGTTTTGCC TTCCACCAAC CAAGAGTACA 10200 

TTACCTGCAA ATTCACCACT GTGGTCCCCT CCCCAAAAAT CAAATGCTGC GGCTCCTTGG 10260 

AATGTCAGCC GGCCGCTCAT GCAGACTATA CCTGCAAGGT CTTCGGAGGG GTCTACCCCT 10320 

TTATGTGGGG AGGAGCGCAA TGTTTTTGCG ACAGTGAGAA CAGCCAGATG AGTGAGGCGT 10380 

ACGTCGAATT GTCAGCAGAT TGCGCGTCTG ACCACGCGCA GGCGATTAAG GTGCACACTG 10440 
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CCGCGATGAA 
ACGTGAACGG 
CAGCATCGTT 
ATGACTTCCC 
CCTTGACTAG 
AGAACGTGCA 
CAGGCCGCCC 
GAGCGGTGGA 
TT ATCAGGAC 
CTTATTCAGC 
AATGCCCCGT 
TGGAGAAAGG 
TATCGCTGTG 
TCGTGAGCAC 
GGAGTTGGCT 
TTTTTGCTTG 
CGACCAGCAA 
C ATTAGATCC 
GGAAGCGCAG 
CT AGCGGACG 
CGTCTGCATA 
AAAAAAAAA A 
CT AGAGCTCG 
CCTCCCCCGT 
ATGAGGAAAT 
GGC AGGACAG 
GCTCTATGGC 
CCTGTAGCGG 
TTGCCAGCGC 
CCGGCTTTCC 
TACGGCACCT 
CCTGATAGAC 
TGTTCCAAAC 
TTTTGGGGAT 
ATTAATTCTG 
GCAGAAGTAT 
GCTCCCCAGC 
CGCCCCTA AC 
ATGGCTGACT 
TCCAGAAGTA 



AGTAGGACTG 
AGTCACACCA 
TACGCCATT C 
GGAATATGGA 
CAAGGATCTC 
TGTCCCGTAC 
ACTGCAGGAA 
CTGTTCATAC 
ATCAGATGCA 
AGACTTCGGC 
ACATTCOCAT 
AGCGGTGACA 
TGGGAAGAAG 
CCCGCACAAA 
GTTTGCCCTT 
CAGCATGATG 
AACTCGATGT 
CCGCTTACCG 
TGCATAATGC 
CCAAAAACTC 
ACTTTTATT A 
AAAAAAAAAA 
CTGATCAGCC 
GCCTTCCTTG 
TGCATCGCAT 
CAAGGGGGAG 
TTCTGAGGCG 
CGCATTAAGC 
CCTAGCGCCC 
CCGTCAAGCT 
CGACCCCAAA 
GGTTTTTCGC 
TGGAACAACA 
TTCGGCCTAT 
TGGAATGTGT 
GCAAAGCATG 
AGGCAGAAGT 
TCCGCCCATC 
AATTTTTTTT 
GTGAGGAGGC 



CGT ATAGTGT 
GGAACGT CT A 
G ATCAT AAGG 
GCGATGAAAC 
ATCGCCAGCA 
ACGCAGGCCG 
ACCGCACCTT 
GGGAACATTC 
CCACTGGTCT 
GGGATGGCCA 
TCGAGCACAG 
GTACACTTTA 
ACAACATGCA 
AATGACCAAG 
TTCGGCGGCG 
CTGACT AGCA 
ACTT CCGAGG 
CGGGCAAT AT 
TGCGCAGTGT 
AATGT ATTTC 
TTT CT TTT AT 
AAAAATCT AG 
TCGACTGTGC 
ACCCTGGAAG 
TGTCTGAGTA 
GATTGGGAAG 
GAAAGAACCA 
GCGGCGGGTG 
GCTCCTTTCG 
CTAAATCGGG 
AAACTTGATT 
CCTTTGACGT 
CTCAACCCTA 
TGGTTAAAAA 
GTCAGTTAGG 
CAT CTCAATT 
ATGCAAAGCA 
CCGCCCCTAA 
ATTTATGCAG 
TTTTTTGGAG 



ACGGGAACAC 
AAGACTTGAA 
TCGTT ATCCA 
CAGGAGCCTT 
CAGACATTAG 
CATCAGGATT 
TCGGGTGTAA 
CCATTTCTAT 
CAACAGTCAA 
CCCTGCAGTA 
CAACTCTCCA 
GCACCGCGAG 
ATGCAGAATG 
AATTTCAAGC 
CCTCGTCGCT 
C ACGA AGATG 
AACTGATGTG 
AGCAACACTA 
TGCCACAT AA 
TGAGGAAGCG 
T AATCAACAA 
AGGGCCCT AT 
CTTCTAGTTG 
GTGCCACTCC 
GGTGTCATTC 
ACAATAGCAG 
GCTGGGGCTC 
TGGTGGTTAC 
CTTTCTTCCC 
GCATCCCTTT 
AGGGTGATGG 
TGGAGTCCAC 
TCTCGGTCTA 
ATGAGCTGAT 
GTGTGGAAAG 
AGTCAGCAAC 
TGCATCTCAA 
CTCCGCCCAG 
AGGCCGAGGC 
GCCT AGGCTT 



TACC AGTTTC 
AGTCATAGCT 
TCGCGCCCTG 
CGGAGACATT 
GCTACTCAAG 
TGAGATGTGG 
GATTGCAGTA 
TGACATCCCG 
ATGTGAAGTC 
TGTATCCGAC 
AGAGTCGACA 
TCCACAGGCG 
TAAACCACCA 
CGCCATCTCA 
ATTAATTATA 
ACCGCTACGC 
CATAATGCAT 
AAAACTCGAT 
CC ACTATATT 
TGGTGCATAA 
AATTTTGTTT 
TCT AT AGTGT 
CCAGCCATCT 
CACTGTCCTT 
T ATTCTGGGG 
GCATGCTCGG 
TAGGGGGTAT 
GCGCAGCGTG 
TTCCTTTCTC 
AGGGTTCCGA 
TTCACGTAGT 
GTTCTTTAAT 
TTCTTTTGAT 
TT AACAAAAA 
TCCCCAGGCT 
C AGGTGTGGA 
TTAGTCAGCA 
TT CCGCCC AT 
CGCCTCTGCC 
TTGCAAAAAG 



CTAGATGTGT 
GGACC AATTT 
GTGT ACAACT 
CAAGCTACCT 
CCTTCCGCCA 
AAAAACAACT 
AATCCGCTCC 
AACGCTGCCT 
AGTGAGTGCA 
CGCGAAGGTC 
GT ACATGTCC 
AACTTTATCG 
GCTGACC ATA 
AAAACATCAT 
GGACTT ATGA 
CCCAATG ATC 
CAGGCTGGTA 
GT ACTTCCGA 
AACCATTTAT 
TGCCACGCAG 
TT AAC ATTTC 
CACCTAAATG 
GTTGTTTGCC 
TCCT AAT AAA 
GGTGGGGTGG 
GATGCGGTGG 
CCCCACGCGC 
ACCGCTACAC 
GCCACGTTCG 
TTTAGTGCTT 
GGGCCATCGC 
AGTGGACTCT 
TT AT AAGGGA 
TTTAACGCGA 
CCCCAGGCAG 
AAGTCCCCAG 
ACCATAGTCC 
TCTCCGCCCC 
T CTGAGCTAT 
CTCCCGGGAG 



1 0 5 0 0 
1 0 5 6 0 
1 0 6 2 0 
1 0 6 80 
10 7 4 0 
1 0 8 0 0 
1 0 8 6 0 
1 0 9 2 0 
1 0 9 8 0 
110 4 0 
1110 0 
1116 0 
112 2 0 

112 8 0 

113 4 0 

114 0 0 

114 6 0 

115 2 0 

115 8 0 

116 4 0 

117 0 0 

117 6 0 

118 2 0 

118 8 0 

119 4 0 
1 2 0 0 0 
1 2 0 6 0 
12 12 0 
12 18 0 
1 2 2 4 0 
1 2 3 0 0 
1 2 3 6 0 
1 2 4 2 0 
1 2 4 8 0 
1 2 5 4 0 
1 2 6 0 0 
1 2 6 6 0 
1 2 7 2 0 
1 2 7 8 0 
1 2 8 4 0 
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CTTGT AT ATC CATTTTCGGA TCTOATCAAG AGACAGGATG AGGATCGTTT CGCATGATTG 12900 

AACAAGATGG ATTGCACGCA GGTTCTCCGG CCGCTTGGGT GGAGAGGCTA TTCGGCTATG 12960 

ACTGGGCACA ACAGACAATC GGCTGCTCTG ATGCCGCCGT GTTCCGGCTG TCAGCGCAGG 13020 

GGCGCCCGGT TCTTTTTGTC AAGACCGACC TGTCCGGTGC CCTGAATGAA CTGCAGGACG 13080 

AGGCAGCGCG GCTATCGTGG CTGGCCACGA CGGGCGTTCC TTGCGCAGCT GTGCTCGACG 13140 

TTGTCACTGA AGCGGGAAGG GACTGGCTGC TATTGGGCGA AGTGCCGGGG CAGGATCTCC 13200 

TGTCATCTCA CCTTGCTCCT GCCGAGAAAG TATCCATCAT GGCTGATGCA ATGCGGCGGC 13260 

TGCATACGCT TGATCCGGCT ACCTGCCCAT TCGACCACCA AGCGAAACAT CGCATCGAGC 13320 

GAGCACGTAC TCGGATGGAA GCCGGTCTTG TCGATCAGGA TGATCTGGAC GAAGAGCATC 13380 

AGGGGCTCGC GCCAGCCGAA CTGTTCGCCA GGCTCAAGGC GCGCATGCCC GACGGCGAGG 13440 

ATCTCGTCGT GACCCATGGC GATGCCTGCT TGCCGAATAT CATGGTGGAA AATGGCCGCT 13500 

TTTCTGGATT CATCGACTGT GGCCGGCTGG GTGTGGCGGA CCGCTATCAG GACATAGCGT 13560 

TGGCTACCCG TGATATTGCT GAAGAGCTTG GCGGCGAATG GGCTGA CCGC TTCCTCGTGC 1 3 6 2 0 

TTTACGGTAT CGCCGCTCCC GATTCGCAGC GCATCGCCTT CTATCGCCTT CTTGACGAGT 13680 

TCTTCTGAGC GGGACTCTGG GGTTCGAAAT GACCGACCAA GCGACGCCCA ACCTGCCATC 13740 

ACGAGATTTC GATTCCACCG CCGCCTTCTA TGAAAGGTTG GGCTTCGGAA TCGTTTTCCG 13800 

GGACGCCGGC TGGATGATCC TCCAGCGCGG GGATCTCATG CTGGAGTTCT TCGCCCACCC 13860 

CAACTTGTTT ATTGCAGCTT ATAATGGTTA CAAATAAAGC AATAGCATCA CAAATTTCAC 13920 

AAATAAAGCA TTTTTTTCAC TGCATTCTAG TTGTGGTTTG TCCAAACTCA TCAATGTATC 139 80 

TTATCATGTC TGTATACCGT CGACCTCTAG CTAGAGCTTG GCGTAATCAT GGTCATAGCT 14040 

GTTTCCTGTG TGAAATTGTT ATCCGCTCAC AATTCCACAC AACATACGAG CCGGAAGCAT 14100 

AAAGTGTAAA GCCTGGGGTG CCTAATGAGT GAGCTAACTC ACATTAATTG CGTTGCGCTC 14160 

ACTGCCCGCT TTCCAGTCGG GAAACCTGTC GTGCCAGCTG CATTAATGAA TCGGCCAACG 14220 

CGCGGGGAGA GG CGGTTTGC GTATTGGGCG CTCTTCCGCT TCCTCGCTCA CTGACTCGCT 1 4 2 8 0 

GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC TCAAAGGCGG TAATACGGTT 14340 

ATCCACAGAA TCAGGGGATA ACGCAGGAAA GAACATGTGA GCAAAAGGCC AGCAAAAGGC 14400 

CAGCAACCGT AAAAAGGCCG CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA 14460 

GCATCACAAA AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA 14520 

CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC TGCCGCTTAC 14580 

CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG CTTTCTCAAT GCTCACGCTG 14640 

TAGGTATCTC AGTTCGGTGT AGGTCGTTCG CTCCAAGCTG GGCTGTGTGC ACGAACCCCC 14700 

CGTTCAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG 14760 

ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT 14820 

AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA GAAGGACAGT 14880 

ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA AAAAGAGTTG GTAGCTCTTG 14940 

ATCCGGCAAA CAAACCACCG CTGGTAGCGG TGGTTTTTTT GTTTGCAAGC AGCAGATTAC 15000 

GCGCAGAAAA AAAGGATCTC AAGAAGATCC TTTGATCTTT TCT ACGGGGT CTGACGCTCA 15060 

GTGGAACGAA AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC 15120 

CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT ATGAGTAAAC 15 180 

TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT ATCTCAGCGA TCTGTCTATT 15240 
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TCGTTCATCC ATAGTTGCCT GACTCCCCGT CGTGTAGATA ACTACGATAC GGGAGGGCTT 15300 

ACCATCTGGC CCCAGTGCTG CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT 153 60 

ATCAGCAATA AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC 15420 

CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT CGCCACTTAA 15480 

TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG GTGTCACGCT CGTCGTTTGG 15540 

TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGCGA GTTACATGAT CCCCCATGTT 15600 

GTGCAAAAAA GCGGTTAGCT CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC 15660 

AGTGTTATCA CTCATGGTTA TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT 15720 

AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT AGTGTATGCG 15780 

GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT ACCGCGCCAC ATAGCAGAAC 15840 

TTTAAAAGTG CTCATCATTG GAAAACGTTC TTCGGGGCGA AAACTCTCAA GGATCTTACC 15900 

GCTGTTGAGA TCCAGTTCGA TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT 15960 

TACTTTCACC AGCGTTTCTG GGT G AG C A A A . A AC AGG A A GG CAAAATGCCG CAAAAAAGGG 1 6 0 2 0 

AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC CTTTTTCAAT ATTATTGAAG 16080 

CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT GAATGTATTT AGAAAAATAA 16140 

ACAAATAGGG GTTCCGCGCA CATTTCCCCG AAAAGTGCCA CCTGACGTCG ACGGATCGGG 16200 

AGATCTAATG AAAGACCCCA CCTGTAGGTT TGGCAAGCTA GCTTAAGTAA CGCCATTTTG 16260 

CAAGGCATGG AAAAATACAT AACTGAGAAT AGAGAAGTTC AGATCAAGGT CAGGAACAGA 163 20 

TGGAACAGCT GAATATGGGC CAAACAGGAT ATCTGTGGTA AGCAGTTCCT GCCCCGGCTC 16380 

AGGGCCAAGA ACAGATGGAA CAGCTGAATA TGGGCCAAAC AGGATATCTG TGGTAAGCAG 16 440 

TTCCTGCCCC GGCTCAGGGC CAAGAACAGA TGGTCCCCAG ATGCGGTCCA GCCCTCAGCA 16500 

GTTTCTAGAG AACCATCAGA TGTTTCCAGG GTGCCCCAAG GACCTGAAAT GACCCTGTGC 16560 

CTTATTTGAA CTAACCAATC AGTTCGCTTC TCGCTTCTGT TCGCGCGCTT CTGCTCCCCG 16620 

AGCTCAATAA AAGAGCCCAC AACCCCTCAC TCGGGG 16656 

( 2 ) INFORMATION FOR SEQ ID NCh2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

ATCTCTACGG TGGTCCTAAA TAGT 24 

( 2 ) INFORMATION FOR SEQ ID NO:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: lincai 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

TATATTCTAG ATTTTTTTTT TTTTTTTTTT TTTTTTGAAA TG 42 

( 2 ) INFORMATION FOR SEQ ID NO:4: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pain 
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( B ) TYPE: nudcic acid 

( C ) STRANDEDNESS: single 

( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

TATATGGGCC CGATTTAGGT GACACTATAG ATTGACGGCG TAGTACAC 

( 2 ) INFORMATION FOR SEQ ID NO-5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO:S: 

CTGGCAACCG GTAAGTACGA TAC 

( 2 ) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

ATACTAGCCA CGGCCGGTAT C 



( 2 ) INFORMATION FOR SEQ ID NCh7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

TCCTCTTTCG ACGTGTCGAG C 



( 2 ) INFORMATION FOR SEQ ID NO& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:& 

ACCTTGGAGC GCAATGTCCT G 



( 2 ) INFORMATION FOR SEQ ID NO& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS: 

CCTTTTCAGG GGATCCGCCA C 



( 2 ) INFORMATION FOR SEQ ID NO:10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NOtlO: 
CTGGCGGATC CCCTGAAAAG G 

( 2 ) INFORMATION FOR SEQ ID NO:ll: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:U: 

TGGGCCGTGT GGTCGTCATG 

( 2 ) INFORMATION FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TGGGTCTTCA ACTCACCGGA C 

( 2 ) INFORMATION FOR SEQ ID NO:13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

CAATTCGACG TACGCCTCAC TC 



( 2 ) INFORMATION FOR SEQ ID NO-.14: 

( i ) SEQUENCE CHARACTERISTICS: 
( A) LENGTH: 22 base pahs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

GAGTGAGGCG TACGTCGAAT TG 



( 2 ) INFORMATION FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pahs 
( B ) TYPE: nndek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

TATATAGATC TAATGAAAGA CCCCACCTGT AGG 



( 2 ) INFORMATION FOR SEQ ID NOilfi: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pahs 
( B ) TYPE: nndck acid 
< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16: 
TCAATCCCCG AGTGAGGGGT TCTGGGCTCT TTTATTGAGC 



( 2 ) INFORMATION FOR SEQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B )TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ED NO:17: 

CCACAACCCC TCACTCGGGG ATTGACGGCG TAGTAC 



( 2 ) INFORMATION FOR SEQ ID NO: 18: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
( B ) TYPE: cudcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOrL8: 

CTGGCAACCG GTAAGTACGA TAC 



( 2 ) INFORMATION FOR SEQ ID NO:19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GGTAACAAGA TCTCGTGCCG TG 22 



( 2 ) INFORMATION FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 53 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO: 20: 

TATATATATA TGCGGCCGCT TTCTTTTATT AATCAACAAA ATTTTGTTTT T A A 



( 2 ) INFORMATION FOR SEQ ED NO:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nodetc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ED NO:21: 

TATATGAGCT CTTTTTTTTT TTTTTTTTTT TTTTTTGAAA TGTT AAA A 



( 2 ) INFORMATION FOR SEQ ED NCh22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ED NO-.22: 
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TATATCTCGA GGGTGG TGTT GTAGTATTAG TCAG 34 

( 2 ) INFORMATION FOR SEQ ID NO-.23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.23: 

TATATGGGCC CTTAAGACCA TCGGACCGAT GCTTTATTTC CCC 43 

( 2 ) INFORMATION FOR SEQ ID NO-.24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

TCTCTACGGT GGTCCTAA 18 

( 2 ) INFORMATION FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Ser Lcd Arg Tip Ser 
1 5 

( 2 ) INFORMATION FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ IDNQ26: 

CATCTCTACG GTGGTCCTAA ATAGTC 26 



( 2 ) INFORMATION FOR SEQ ID NO.27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh27: 

TCGAGACTAT TTAGGACCAC CGTAGAGATG GGCC 



( 2 ) INFORMATION FOR SEQ ID NO:28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO£& 



CCCTTGTACG GCTAACCTAA AGGAC 
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( 2 ) INFORMATION FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE; nodcic acid 
( C ) STRANDEDNESS: sin^c 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.29: 

TCGAGTCCTT TAGGTT AGCC GTACAAGGGG GCC 33 



( 2 ) INFORMATION FOR SEQ ID NO-JO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ CD NCfc30t 

CATCGCTACG GTGGTCCTAA ATAGTC 26 



( 2 ) INFORMATION FOR SEQ ID NO:31: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

TCGAGACTAT TTAGGACCAC CGTAGCGATG GGCC 3 4 



( 2 ) INFORMATION FOR SEQ ID NO:32: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CGGAAATAAA GCATCTCTAC GGTGGTCCTA AATAGTCAGC ATAGTACC 48 



( 2 ) INFORMATION FOR SEQ ID NO-J3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 base pairs 
( B ) TYPE: nodcic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-33: 

TCGAGGTACT ATGCTGACTA TTTAGGACCA CCGTAGAGAT GCTTTATTTC CGGGCC 56 



( 2 ) INFORMATION FOR SEQ ID NO-J4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.34: 



TATATGCGGC CGCTCTAGAT TACAATTTGG ACTTTCCGCC C 
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( 2 ) INFORMATION FOR SEQ ID NO:35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOJ5: 

TATATATGAG CTCTTACAAA TAAAGCAATA GCATCACAAA TTTC 44 

( 2 ) INFORMATION FOR SEQ ID NO-J6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B )TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.36: 

TATATGAATT CGTTTGGACA AACCACAACT AG A AT G 36 

( 2 ) INFORMATION FOR SEQ ID NO:37: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

TATATATGAG CTCTAATAAA ATGAGGAAAT TGCATCGCAT TGTC 44 

( 2 ) INFORMATION FOR SEQ ID NO:38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO-3& 

TATATGAATT CATAGAATGA CACCTACTCA GACAATGCGA TGC 43 

( 2 ) INFORMATION FOR SEQ ID NO-.39: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 46 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

TATATGAGCT CGGGTCGGCA TGGCATCTCC ACCTCCTCGC GGTCCG 46 

( 2 ) INFORMATION FOR SEQ ED NCh4Ch 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 52 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:40t 

TCCACCTCCT CGCGGTCCGA CCTGGGCATC CGAAGGAGGA CGCACGTCCA CT 52 



( 2 ) INFORMATION FOR SEQ ID NO:41: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ IP NO:41: 

TATATGAGCT CCTCCCTTAG CCATCCGAGT GGACGTGCGT CCTCCTTC 



( 2 ) INFORMATION FOR SEQ ID NO:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 base pairs 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.42: 

TATATGCGGC CGCTTTCTTT TATTAATCAA CAAAATTTTG TTTTTAA 



( 2 ) INFORMATION FOR SEQ ID NO:43: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:43: 

TATATGAGCT CGAAATGTTA AAAACAAAAT TTTGTTG 



( 2 ) INFORMATION FOR SEQ ID NO:44: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pahs 
( B ) TYPE: nodcic arid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:44: 

TATATATAGA TCTTTGACAT TGATTATTGA C T AG 



( 2 ) INFORMATION FOR SEQ ID NO:45: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pairs 
( B ) TYPE: nnclcic arid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

CCGTCAATAC GGTTCACTAA ACGAGCTCTG CTTATATAGA CC 42 



( 2 ) INFORMATION FOR SEQ ID NO:46: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.46: 

GCTCGTTTAG TGAACCGTAT TGACGGCGTA GTACACAC 



( 2 ) INFORMATION FOR SEQ ID NO:47: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
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( B ) TYPE; nucleic acid 

( C ) STRANDEDNESS: single 

( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:47: 

TATATATAGA TCTGGTGTGG AAAGTCCCCA GGC 

( 2 ) INFORMATION FOR SEQ ID NO:48: 



3 3 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ Q> NO:4& 

CTACGCCGTC AATGCCGAGG CGGCCTCGGC C 



( 2 ) INFORMATION FOR SEQ ID NO:49: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 37 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

GGCCGCCTCG GCATTGACGG CGTAGTACAC ACT ATTG 3 7 



( 2 ) INFORMATION FOR SEQ ID NO-JO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:50: 

TATATATCTC GAGAAGCTCT AAGGTAAATA TAAAATTTAC C 4 1 



( 2 ) INFORMATION FOR SEQ ID NO:51: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE: noclcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:51: 

TATATATCTC GAGAGGTTGG AATCTAAAAT ACACAAAC 38 



( 2 ) INFORMATION FOR SEQ ID NO-32: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B ) TYPE: nndek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NQ£2: 

TATATATGCG GCCGCAAGCT CTAAGGTAAA TATAAAATTT ACC 43 



( 2 ) INFORMATION FOR SEQ ID NO-.53: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B ) TYPE: nodck acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ B>NO:53: 
TATATATGCC CCCGCACGTT GGAATCTAAA ATACACAAAC 

( 2 ) INFORMATION FOR SEQ ID NO:54: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pain 
( B ) TYPE: nodek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO.54: 

TCGAGCACGT GGCGCGCCTG ATCACGCGTA GGCCT 

( 2 ) INFORMATION FOR SEQ ID NO-J5: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 35 base pairs 
( B )TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:55: 

CTAGAGGCCT ACGCGTGATC AGGCGCCCCA CGTGC 



( 2 ) INFORMATION FOR SEQ ID NO:56: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:56: 

TATATCTCCA GATGAGGTAC ATGATTTTAG GCTTG 



( 2 ) INFORMATION FOR SEQ ID NO-.57: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pain 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:57: 

TATATATCGA TTCAAGGCAT TTTCTTTTCA TCAATAAAAC 



( 2 ) INFORMATION FOR SEQ ID NChSS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO.58: 

TATATCTCCA GATGATGACA ATGTGGTGTC TGACG 



( 2 ) INFORMATION FOR SEQ ID NO-.59: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pain 
( B )TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:59: 
TATATATCGA TTCATGACGA CCGGACCTTG CG 

( 2 ) INFORMATION FOR SEQ ID NOrfO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 28 base pahs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOrfO: 

TATATGGGCC CCCCCCCCCC CCCCAACG 

( 2 ) INFORMATION FOR SEQ ID NOrfl: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N061: 

TATATATCGA TCCCCCCCCC CCCCCCAACG 



( 2 ) INFORMATION FOR SEQ ID NO£2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:62: 

TATATCCATG GCTTACAATC GTGGTTTTCA AAGG 



( 2 ) INFORMATION FOR SEQ 0> NOt63: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:63: 

TATATGGGCC CTCGATGAGT CTGGACGTTC CTC 



( 2 ) INFORMATION FOR SEQ ID NOr64: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:64: 

TATATATCGA TTCGATGAGT CTGGACGTTC CTC 



( 2 ) INFORMATION FOR SEQ ID NOr65: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
< D) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NOrfS: 
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TATATCCATG GATCCAATTT GCTTTATCAT A AC A AT C 3 7 



( 2 ) INFORMATION FOR SEQ ID NOrf6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pain 
( B ) TYPE; nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:66: 

TATATGGGCC CGGTCGACGC CGGCCAAGAC 



( 2 ) INFORMATION FOR SEQ ID NOrf7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 30 base pairs 
( B ) TYPE; nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO:67: 

TATATATCGA TGGTCGACGC CGGCCAAGAC 



( 2 ) INFORMATION FOR SEQ ID NOrfS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Unear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.6& 

TATATCCATG GTGCCAGCCA GTTGGGCAGC AG 



( 2 ) INFORMATION FOR SEQ ID NOtf9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pain 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY, linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID SO.69: 

TTAATTAACG GCCGCCACCA TGG 



( 2 ) INFORMATION FOR SEQ ID NO:7th 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pahs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

TAACGGCCGC CAC 



( 2 ) INFORMATION FOR SEQ ID NO:71: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:71: 



CCATGGTGGC GGCCGTTAAT 
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( 2 ) INFORMATION FOR SEQ ID NO:72: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B ) TYPE: nodctc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:72: 

GGTTTAAACA GGAGCT 

( 2 ) INFORMATION FOR SEQ ID NO:73: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:73: 

CCTGTTTAAA CCAGCT 

( 2 ) INFORMATION FOR SEQ ID NO:74: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 base pahs 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO:74: 

TATATGCGGC CGCACCACCA CCATGAATAG AGGATTCTTT AACATGC 



( 2 ) INFORMATION FOR SEQ ID NO:75: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:75: 

TATATGCGGC CGCTCATCTT CGTGTGCTAG T C A G 



( 2 ) INFORMATION FOR SEQ ID NO:76: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 61 base pain 
{ B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.76: 

TATATGCGGC CGCATCTCTA CGGTGGTCCT AAATAGTACC ACCACCATGA ATAGAGGATT 60 

C 6 1 



( 2 ) INFORMATION FOR SEQ ID NO:77: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 base pain 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 77: 



CTCATCGATC AGATCTGACT AGTTG 
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( 2 ) INFORMATION FOR SEQ DD NO:78: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pair* 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOt7& 

GATCCAACTA GTCAGATCTG ATCGATGAGG GCC 33 



( 2 ) INFORMATION FOR SEQ ID NO:79: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 base pans 
( B ) TYPE: nndetc add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 79: 

ACTTATCGAT GGTTCTAGAC TCCCTTAGCC ATCCGAGTGG ACGTGCGTCC TCCTTC 56 



( 2 ) INFORMATION FOR SEQ ID NO.80: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 52 base pairs 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.8Q: 

TCCACCTCCT CGCGGTCCGA CCTGGGCATC CGAAGGAGGA CGCACGTCCA CT 52 



( 2 ) INFORMATION FOR SEQ ID NCh81: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 57 base pairs 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:81: 

TCGGACCGCG AGGAGGTGGA GATGCCATGC CGACCCATTG ACGGCGTAGT ACACACT 57 



( 2 ) INFORMATION FOR SEQ ID NO£2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh82: 

CTGGACTAGT TAATACTGGT GCTCGGAAAA CATTCT 36 



( 2 ) INFORMATION FOR SEQ ID NO*3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:83: 

GTCAAGCTTG CTAGCTACAA CACCACCACC ATGAATAGAG 40 



( 2 ) INFORMATION FOR SEQ ID NCH84: 
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( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 40 base pairs 
( B ) TYPE: nndcic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:84: 

CAGTCTCGAG TTACTACCAC TCTTCTGTCC CTTCCGGGGT 

( 2 ) INFORMATION FOR SEQ ID NO£5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pain 
( B ) TYPE: nocicic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY, linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS5: 

TATATGCGGC CGCACCACCA TGTCCGCAGC ACCACTGGTC ACG 

( 2 ) INFORMATION FOR SEQ Q> NO.86: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:86: 

TATATAGATC TCTTGATCAG CTTCAGAAGA TGGC 

( 2 ) INFORMATION FOR SEQ Q> NO#7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pairs 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh87: 

TCAATGGCGG GAAGAGGCGG TTGG 

( 2 ) INFORMATION FOR SEQ ID NO:88: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pass 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N&8& 

CCGCCTCTTC CCGCCATTGA CGGCGTAGTA C 

( 2 ) INFORMATION FOR SEQ ID NO:89: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:89: 

TATATAGATC TCTTGATCAG CTTCAGAAGA TGGC 

( 2 ) INFORMATION FOR SEQ ID NCH90: 



( i ) SEQUENCE CHARACTERISTICS: 
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( A ) LENGTH: 44 base pains 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO30: 

TATATATATG CGGCCGCACC GCCAAGATGT TCCCGTTCCA GCCA 



( 2 ) INFORMATION FOR SEQ ID NCh91: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pahs 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:91: 
TATATATATG CGGCCGCTCA ATTATGTTTC TGGTTGGT 



( 2 ) INFORMATION FOR SEQ ID N032: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: smgjc 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOr92: 

CTCGAGCTCG AGGCACCAGC ACCATGCAAC TTTTT 



( 2 ) INFORMATION FOR SEQ ID N033: 

/ 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pahs 
( B ) TYPE: nodek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:93: 

CTACTAGATC CCTAGATGCT GGATCTTCC 29 



( 2 ) INFORMATION FOR SEQ ID NOS4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO#4: 

GGAAGATCCA GCATCTAGGG ATCTAGTAG 



( 2 ) INFORMATION FOR SEQ ID NOS5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pahs 
( B ) TYPE: nodek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N035: 

GGGCGATATC AAGCTTATCG ATACCG 26 



( 2 ) INFORMATION FOR SEQ Q> NO£6: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pahs 
( B ) TYPE: nodek acid 
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( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS6: 

GGGCGATATC AAGCTTATCG ATACCG 



( 2 ) INFORMATION FOR SEQ ID 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x t ) SEQUENCE DESCRIPTION: SEQ ID NCh97: 

AATACGACTC AC T ATAGGG 



( 2 ) INFORMATION FOR SEQ ID N058: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pans 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:9& 

CTACTAGATC CCTAGATGCT GGATCTTCC 



( 2 ) INFORMATION FOR SEQ ID NOr99: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x t ) SEQUENCE DESCRIPTION: SEQ ID NCh99: 

ATTAACCCTC A C T A A AG 



( 2 ) INFORMATION FOR SEQ ID NO-.100t 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO: LOO: 

GGAAGATCCA GCATCTAGGG ATCTAGTAG 29 



( 2 ) INFORMATION FOR SEQ ID NOrlOl: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pairs 
( B ) TYPE: noctetc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 101: 

ATTAACCCTC A C T A A AG 



( 2 ) INFORMATION FOR SEQ ID NO:102: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pairs 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 102: 
AATACGACTC ACTATAGGG 19 

( 2 ) INFORMATION FOR SEQ ID NO: 103: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:lQ3: 

CCTCGAGCTC GAGCTTGGGT GGCTTTGGGG C AT G 34 

( 2 ) INFORMATION FOR SEQ ID NO: 104: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pairs 
( B ) TYPE: noddc add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:104: 

ATTACCCCTC ACTAAAG 17 

( 2 ) INFORMATION FOR SEQ ID NO:105: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nod etc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRD/ITON: SEQ ID NO:105: 

CCCTCGAGCT CGAGGGGTCA CTGAGAAACT AGAAAAAGAA T T AG 44 



( 2 ) INFORMATION FOR SEQ ID NO: 106: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ Q> NO: 106: 

CCGCCGCCGC GTATCTGTGG GAGCCTCAAG GG AG A AC 



( 2 ) INFORMATION FOR SEQ ID NO: 107: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nodcic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( x j ) SEQUENCE DESCRIPTION: SEQ ID NO: 107: 

CGCGCGGGCC CTGTGACATT GAATAGAGTG AGGGTCCTGT TG GG 



( 2 ) INFORMATION FOR SEQ ID NO: 108: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 base pairs 
( B ) TYPE nodcic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 108: 
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AAAOGTTTCA CATTTGTAGC TTGCTCTGTC ATTGCGATCT CTACG 



( 2 ) INTORMATION FOR SEQ ID NO. 109: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 109: 

GTGGTCCTAA ATAGTTCACT CTATTCAATG TCACACTCGA GCCGG 

( 2 ) INFORMATION FOR SEQ ID NO:110t 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:U0t 

TATATTCTAG AGCAAGCAAC AGTTACTGCG AC G 

( 2 ) INFORMATION FOR SEQ ID NO:Ul: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:Lil: 

TATATATCGA TCCGAAGCGT AGAGTCACAC TTG 



( 2 ) INFORMATION FOR SEQ £D NCHU2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 112: 

TTAACTGTCA A A AG C C A C 18 



( 2 ) INFORMATION FOR SEQ ID NO:U3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 68 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 113: 

CGATGTGGCT TTTAGATGTT AAACCAGAGA AACACACGGA CTTCGGTCCG TGGTATATTA 60 



( 2 ) INFORMATION FOR SEQ ID NO: 114: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 70 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.114: 
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CTAGATACCA GCTAATATAC CACGGACCGA AGTCCGTGTG TTTCTCTGGT TTAACATCTA 60 
AAAGCCACAT 70 

( 2 ) INFORMATION FOR SEQ ID NO:115: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NOH15: 

TATATCTCGA GACCACCATG AGTGCTGTAA GTAATAGGAA GC 42 



( 2 ) INFORMATION FOR SEQ ID NOillfc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pain 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 116: 

TATATCTCGA GCTAGAAGGC AAACCTAACA CCCAAC 



( 2 ) INFORMATION FOR SEQ ID NO:U7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nodeic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 117: 

TATATGGGCC CTACATGTCC CACTGTTCAA G 



( 2 ) INFORMATION FOR SEQ ID NO: 11 8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:118: 

TATATGGGCC CGTACGGAAG GAAAGAAGTC A 



( 2 ) INFORMATION FOR SEQ ID NO:119: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 119: 

TATATGGGCC CATTTTGGTT TTGCTATGCG TA 



( 2 ) INFORMATION FOR SEQ ID NO: 120: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nodeic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.L20: 
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TCTCTGTCCT CCATGA 16 

( 2 ) INFORMATION FOR SEQ ID NO:l21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 66 base pain 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOU21: 

TCGAGTCATG GAGAGAGGAG AACCAGAGAA ACACACGGAC TTCGGTCCGT GGTATATTAC 60 

CTGGAT 66 

( 2 ) INFORMATION FOR SEQ ID NO: 122: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 64 base puis 
( B ) TYPE: nodetc ackj 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x t ) SEQUENCE DESCRIPTION: SEQ ID NO:l22: 

CGATCCAGGT AATATACCAC GGACCGAAGT CCGTGTGTTT CTCTGGTTCT CCTCTCTCCA 60 

TCAC 64 

( 2 ) INFORMATION FOR SEQ ID NO: 123: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pans 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 123: 

GCCTCGAGAC AATGTACAGG ATGCAACTCC TGTCT 35 

( 2 ) INFORMATION FOR SEQ ID NO: 124: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nodetc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 1 24: 

GAATCGATTT ATCAAGTCAG TGTTGGAGAT GATGCT 36 

( 2 ) INFORMATION FOR SEQ ID NO: 125: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 125: 

TATATGGGCC CATCGAGGTG AGAAAGAGGA C 3 1 

( 2 ) INFORMATION FOR SEQ ID NO: 126: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 31 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:126: 
TATATGGGCC CTGTATCTGG CGGACCCGTG G 



( 2 ) INFORMATION FOR SEQ ID NO:127: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 127: 

TATATGGGCC CGCAGACAAG ACGCGCGGCG C 



( 2 ) INFORMATION FOR SEQ ID NO:12& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 b«e pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 128: 

AUCUCUACGG UGGUCCUAAA UAGU 24 



We claim: 

1. A method of stimulating in an animal an immune 
response to an antigen comprising introducing into suscep- 
tible target cells a eukaryotic layered vector initiation system 
comprising a eukaryotic promoter 5' of viral cDNA which 
initiates within said cell the 5* to 3* synthesis of RNA from 
said cDNA, wherein said RNA comprises a vector construct 
which autonomously amplifies in said cell and expresses a 
heterologous nucleic acid sequence, wherein said heterolo- 
gous nucleic acid sequence encodes an antigen or modified 
form thereof which stimulates an immune response within 
an animal. 

2. A method according to claim 1 wherein the target cells 
are infected in vivo. 

3. A method according to claim 1 wherein the expressed 
antigen elicits an immune response selected from the group 
consisting of cell-mediated immune response, an HLA class 

I- restricted immune responses, and an HLA class 

II- restricted immune response. 

4. Hie method according to claim 1, wherein said pro- 
moter is a DNA promoter of RNA synthesis. 

5. The method according to claim 1, wherein said vector 
construct which autonomously amplifies in a cell comprises 
a sequence which initiates transcription of alphavirus RNA 
following the 5* promoter, a nucleic acid sequence which 
encodes alphavirus nonstructural proteins, an alphavirus 
RNA polymerase recognition sequence, and a 3' polyade- 
nylate tract 

6. The method according to claim 1, further comprising a 
transcription termination sequence. 

7. Hie method according to claim 1, wherein said vector 
construct which autonomously amplifies in a cell is derived 
from a virus selected from the group consisting of 
poliovirus, rhinovirus, coxsackievirus, rubella, yellow fever, 
RSV, MoMLV, and Astrovirus. 

8. The method according to claim 1, wherein said vector 
construct which autonomously amplifies in a cell is derived 
from a virus selected from the group consisting of 
tobamoviruses, potyviruses, and bromoviruses. 



9. The method according to claim 1, wherein said pro- 
30 moter is selected from the group consisting of the MoMLV 

promoter, metallothionein promoter, glucocorticoid 
promoter, SV40 promoter, CaMV 35S promoter, nopaline 
synthatase promoter, and the CMV promoter. 

10. The method according to claim 1, wherein said 
35 heterologous nucleic acid sequence is obtained from a vims 

selected from the group consisting of influenza virus, res- 
piratory syncytial virus, IIPV, EBV, HIV, FeLV, FIV, 
Hantavirus, HTLV1, HTLV, D, and CMV. 

U. The method according to claim 1, wherein said 
4Q heterologous nucleic acid sequence is obtained from HBV. 

12. The method according to claim 1, wherein said 
heterologous nucleic acid sequence is obtained from HCV. 

13. The method according to claim 1, wherein said 
heterologous nucleic acid sequence is obtained from HSV. 

14. A eukaryotic layered vector initiation system, com- 
45 prising a eukaryotic promoter 5' of viral cDNA which 

initiates within a susceptible target cell the 5' to 3' synthesis 
of RNA from said cDNA, wherein said RNA comprises a 
vector construct which autonomously amplifies ill a cell and 
expresses a heterologous nucleic acid sequence which 
50 encodes an antigen or modified form thereof that stimulates 
an immune response within an animal. 

15. A eukaryotic layered vector initiation system accord- 
ing to claim 14 wherein the expressed antigen elicits an 
immune response selected from the group consisting of a 

55 cell-mediated immune response, an HLA class I-restricted 
immune response, and an HLA class II-restricted immune 
response. 

16. The eukaryotic layered vector initiation system 
according to claim 14 wherein said promoter is a DNA 

60 promoter of RNA synthesis. 

17. The eukaryotic layered vector initiation system 
according to claim 14 wherein said vector construct which 
autonomously amplifies in a cell comprises a sequence 
which initiates transcription of alphavirus RNA following 

65 the 5' promoter, a nucleic acid sequence which encodes 
alphavirus nonstructural proteins, an alphavirus RNA poly- 
merase recognition sequence, and a 3' polyadenylate tract. 
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18. The eukaryotic layered vector initiation system 
according to claim 14 further comprising a transcription 
termination sequence. 

19. The eukaryotic layered vector initiation system 
according to claim 14 wherein said vector construct which 
autonomously amplifies in a cell is derived from a virus 
selected from the group consisting of poliovirus, rhino virus, 
coxsackievirus, rubella, yellow fever, RSV, MoMLV, and 
Astrovirus. 

20. The eukaryotic layered vector initiation system 
according to claim 14 wherein said vector constrict which 
autonomously amplifies in a cell is derived from a virus 
selected from the group consisting of tobamoviruses, 
potyvimses, and bromoviruses. 

21. The eukaryotic layered vector initiation system 
according to claim 14 wherein said promoter is selected 
from the group consisting of the MoMLV promoter, metal - 
lothionein promoter, glucocorticoid promoter, SV40 
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promoter, CaMV 35S promoter, nopaline synthatase 
promoter, and the CMV promoter. 

22. The eukaryotic layered vector initiation system 
according to claim 14 wherein said heterologous nucleic 

s acid sequence is obtained from a virus selected from the 
group consisting of influenza virus, respiratory syncytial 
virus, HPV, EBV, HIV, FeLV, FIV, Hantavirus, HTLV I, 
HITLV II, and CMV. 

23. The eukaryotic layered vector initiation system 
1Q according to claim 14 wherein said heterologous nucleic 

acid sequence is obtained from HBV. 

24. The eukaryotic layered vector initiation system 
according to claim 14 wherein said heterologous nucleic 
acid sequence is obtained from HCV. 

J5 25. The eukaryotic layered vector initiation system 
according to claim 14 wherein said heterologous nucleic 
acid sequence is obtained from HSV. 
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which application is a continuation-in-part of U.S. patent l4j . - t L - i 

— .1- *• c kt ao^io^ £i j i on mnc latet * on primary avian embryo, for example chicken fibro- 

application Ser. No. 08/376,184, filed Jan. 20, 1995, now Mast cuJ ^ res .^pv J y 

abandoned; which application is a continuation-in-part of \ /• 

U.S. patent application Ser. No. 08/348,472, filed Nov. 30, ^ genomic RNA (49S RNA) of alphaviruses is 

1994, now abandoned; which application is a continuation in unsegmented, of positive polarity, approximately 11-12 kb 

part of U.S. patent application Ser. No. 08/198,450, filed m fcn 8*. and contains a 5' cap and a 3* polyadenylate tail. 

Feb. 18, 1994, now abandoned; which application is a Infectious enveloped virus is produced by assembly of the 

continuation-in-part of U.S. patent application Ser. No. waI nucleocapsid proteins onto genomic RNA in the 

08/122,791, filed Sep. 15, 1993, now abandoned. 15 cvto P lasm > and budding through the cell membrane embed- 
ded with viral-encoded glycoproteins. Entry of virus into 

TECHNICAL FIELD cells appears to occur by endocytosis through clatherin- 

coated pits, fusion of the viral membrane with the 

The present invention relates generally to use of recom- endosome, release of the nucleocapsid and uncoatiog of the 

binant viruses as vectors, and more specifically, to recom- 20 viral genome. During viral replication, the genomic 49S 

binant alphaviruses which are capable of expressing a het- rna serves as template for synthesis of a complementary 

erologous sequence in target cells. negative strand. Hie negative strand in turn serves as tem- 

RAnCfiROinMT) of THF IMVFNTTON plate for fn 11 ^ 1 ^ genomic RNA and for an internally 

BACKGROUND OF THE INVENTION ^^.5^ 2 6S subgenomic RNA. The non- 

Alphaviruses comprise a set of serologically related 25 structural proteins are translated from the genomic RNA. 

arthropod-borne viruses of the Toga virus family. Briefly, Alphaviral structural proteins are translated from the sub- 

alphaviruses are distributed worldwide, and persist in nature genomic 26S RNA All viral genes are expressed as polypro- 

through a mosquito to vertebrate cycle. Birds, rodents, teins and processed into individual proteins by proteolytic 

horses, primates, and humans are among the defined cleavage post-translation. 

alphavirus vertebrate reservoir/hosts. 30 The use of recombinant virus vectors (in particular, 

Twenty-six known viruses and virus subtypes have been alphavirus vectors) to treat individuals requires that they be 

classified within the alphavirus genus utilizing the hemag- able to be transported and stored for long periods at a desired 

glutination inhibition (HI) assay. Briefly, the HI test segre- temperature, such that infectivity and viability of the recom- 

gates the 26 alphaviruses into three major complexes: the binant virus is retained. Current methods for storing recom- 

Venezuelan encephalitis (VE) complex, the Semliki Forest 3 binant viruses generally involve storage as liquids and at low 

(SF) complex, and the western encephalitis (WE) complex. temperatures. Such methods present problems in Third 

In addition, four additional viruses, eastern encephalitis World countries, which typically do not have adequate 

(EE), Barm ah Forest, Middelburg, and Ndumu, receive refrigeration capabilities. For example, each year in Africa, 

individual classification based on the HI serological assay. millions of children die from infectious diseases such as 

Members of the alphavirus genus are also classified based 40 measles. Vaccines necessary for the prevention of these 

on their relative clinical features in humans: alphaviruses diseases cannot be distributed to the majority of these 

associated primarily with encephalitis, and alphaviruses countries because refrigeration is not readily accessible, 

associated primarily with fever, rash, and polyarthritis. In addition to storage as liquids and at low temperatures, 

Included in the former group are the VE and WE complexes, 45 present viral formulations often contain media components 

and EE. In general, infection with this group can result in that are not desirable for injection into patients, 

permanent sequelae, including behavior changes and learn- Consequently, there is a need in the art for a method of 

ing disabilities, or death. In the latter group is the SF preserving purified recombinant viral vector (and in 

complex, comprised of the individual alphaviruses particular, alphavirus vectors) in a lyophilized form at 

Chikungunya, O'nyong-nyong, Sindbis, Ross River, and 50 elevated temperatures, and for this form to be suitable for 

Mayaro. With respect to this group, although serious epi- injection into patients. 

demies have been reported, infection is in general self- The present invention discloses recombinant alphavirus 
limiting, without permanent sequelae. vectors which are suitable for use in a variety of 
Sindbis virus is the prototype member of the alphavirus applications, including for example, gene therapy, and fur- 
genus of the Togavirus family. Although not usually 55 ther provides other related advantages, 
apparent, clinical manifestations of Sindbis virus infection 

may include fever, arthritis, and rash. Sindbis virus is SUMMARY OF THE INVENTION 

distributed over Europe, Africa, Asia, and Australia, with the Briefly stated, the present invention provides alphavirus 

best epidemiological data coming from South Africa, where vector constructs and alphavirus particles, as well as meth- 

20% of the population is seropositive. (For a review, see ^ ods of making and utilizing the same. Within one aspect of 

Peters and Dalrymple, Fields Virology (2d ed), Fields et al. the present invention, alphavirus vector constructs are pro- 

(eds.), B.N. Raven Press, New York, N.Y., chapter 26, pp. vided comprising a 5* promoter which is capable of initiating 

713-762). Infectious Sindbis virus has been isolated from the synthesis of viral RNA in vitro from cDNA, a 5* 

human serum only during an outbreak in Uganda and in a sequence which is capable of initiating transcription of an 

single case from Central Africa. 65 alphavirus, a nucleotide sequence encoding alphavirus non- 

The morphology and morphogenesis of the alphavirus structural proteins, a viral junction region which has been 

genus is generally quite uniform. In particular, the enveloped inactivated such that viral transcription of the subgenomic 
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fragment is prevented, and an alphavirus RNA polymerase replication in a cell, the vector construct being capable of 

recognition sequence. Within other aspects of the present expressing a heterologous ribonucleic acid sequence, and a 

invention, the viral junction region has been modified such 3' DNA sequence which controls transcription termination, 

that viral transcription of the subgenomic fragment is Within one embodiment, the vector construct within the 

reduced. 5 eukaryotic layered vector initiation systems of the present 

Within yet other aspects of the present invention, alphavi- invention is an alphavirus vector construct Within other 

rus vector constructs are provided comprising a 5* promoter embodiments, the construct is derived from a virus selected 

which is capable of initiating the synthesis of viral RNA in from the group consisting of poliovirus, rhinovirus, 

vitro from cDNA, a 5* sequence which is capable of initi- coxsackieviruses, rubella, yellow fever, HCV, TGEV, IBV, 

a ting transcription of an alphavirus, a nucleotide sequence 10 MI IV, BCV, parainfluenza virus, mumps virus, measles 

encoding alphavirus non-structural proteins, a first viral virus, respiratory syncytial virus, influenza virus, RSV, 

junction region which has been inactivated such that viral MoMLV, HIV, HTLV, hepatitis delta virus and Astro virus, 

transcription of the subgenomic fragment is prevented, a Within yet other embodiments, the promoter which is 

second viral junction region which is active, or which has capable of initiating the 5 r synthesis of RNA from cDNA is 

been modified such that viral transcription of the subge- 15 selected from the group consisting of the MoMLV promoter, 

nomic fragment is reduced, and an alphavirus RNA poly- metaUothionein promoter, glucocorticoid promoter, SV40 

merase recognition sequence. promoter, and the CMV promoter. Within further 

Within still other aspects of the present invention, embodiments, the eukaryotic layered vector initiation sys- 

alphavirus cDNA vector constructs are provided, comprising tems further comprise a polyadenylation sequence, 

a 5* promoter which is capable of initiating the synthesis of 20 In further embodiments of the invention, in any of the 

viral RNA from cDNA, followed by a 5' sequence which is above aspects, the vectors (e.g., alphavirus vector construct, 

capable of initiating transcription of an alphavirus, a nude- alphavirus cDNA vector construct, or eukaryotic layered 

otide sequence encoding alphavirus non-structural proteins, vector initiation system) may be derived from an alphavirus 

a viral junction region which has been inactivated such that selected from the group consisting of Aura, Fort Morgan, 

viral transcription of the subgenomic fragment is prevented, 25 Venezuelan Equine Encephalitis, Ross River, Semliki 

an alphavirus RNA polymerase recognition sequence, and a Forest, Sindbis, and Mayaro. 

3' sequence which controls transcription termination. h other embodiments, the vectors described above con- 
Within another aspect of the present invention, alphavirus tain a heterologous sequence. Typically, such vectors con- 
cDNA vector constructs are provided, comprising a 5' pro- ^ tain a heterologous nucleotide sequence of greater than 100 
moter which is capable of initiating the synthesis of viral bases, generally the heterologous nucleotide sequence is 
RNA from cDNA, followed by a 5' sequence which is greater than 3 kb, and sometimes greater than 5 kb, or even 
capable of initiating transcription of an alphavirus, a nucle- 8 kb. In various embodiments, the heterologous sequence is 
otide sequence encoding alphavirus non-structural proteins, a sequence encoding a protein selected from the group 
a viral junction region which is active, or which has been 35 consisting of IL-1, EL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 
modified such that viral transcription of the subgenomic IL-9, IL-10, IL-11, IL-12, IL- 13, IL-14, IL-15, alpha-, beta-, 
fragment is reduced, an alphavirus RNA polymerase recog- or gamma-IFN, G-CSF, and GM-CSF. Within other embodi- 
nition sequence, and a 3' sequence which controls transcrip- ments of the invention, the heterologous sequence may 
tion termination. encode a lymphokine receptor. Representative examples of 
Within another aspect of the present invention, alphavirus ^ such receptors include receptors for any of the lymphokines 
cDNA vector constructs are provided, comprising a pro- set forth above. 

moter which is capable of initiating the synthesis of viral In still other embodiments, the vectors described above 
RNA from cDNA followed by a 5' sequence which is include a selected heterologous sequence which may be 
capable of initiating transcription of an alphavirus, a nucle- obtained from a virus selected from the group consisting of 
otide sequence encoding alphavirus non-structural proteins, 45 influenza virus, HPV, HBV, HCV, EBV, HIV, HSV, FeLV, 
a first viral junction region which has been inactivated such FIV, Hanta virus, HTLV I, HTLV II and CMV. Within one 
that viral transcription of the subgenomic fragment is preferred embodiment, the heterologous sequence obtained 
prevented, followed by a second viral junction region which from HPV encodes a protein selected from the group con- 
is active, or which has been modified such that viral tran- sisting of E5, E6, E7 and LI. In yet other embodiments, the 
scription of the subgenomic fragment is reduced, an alphavi- so vectors described above include a selected heterologous 
rus RNA polymerase recognition sequence, and a 3* sequence encoding an HIV protein selected from the group 
sequence which controls transcription termination. consisting of HIV gpl20 and gag. 

Within other aspects of the present invention, eukaryotic The selected heterologous sequences described above 
layered vector initiation systems are provided which are also may be an antisense sequence, noncoding sense 
capable of expressing a heterologous nucleic acid sequence 55 sequence, or ribozyme sequence. In preferred embodiments, 
in a eukaryotic cell transformed or transfected therewith. In the antisense or noncoding sense sequence is selected from 
particular embodiments, eukaryotic layered vector initiation the group consisting of sequences which are complementary 
systems are provided, comprising a promoter which is to influenza virus, HPV, HBV, HCV, EBV, HTV, HSV, FeLV, 
capable of initiating the 5* synthesis of RNA from cDNA, a FIV, Hanta virus, HTLV I, HTLV II, and CMV sequences, 
vector construct which is capable of autonomous replication go i D another embodiment, the vectors described above con- 
in a cell, the vector construct being capable of expressing a tain no alphavirus structural protein genes. Within other 
heterologous nucleic acid sequence, and a 3* sequence which embodiments, the selected heterologous sequence is located 
controls transcription termination. downstream from a viral junction region. In the vectors 

Within a related aspect, eukaryotic layered vector initia- described above having a second viral junction, the selected 

tion systems are provided, comprising a DNA promoter 65 heterologous sequence may, within certain embodiments, be 

which is capable of initiating the 5* synthesis of RNA from located downstream from the second viral junction region. 

cDNA, a vector construct which is capable of autonomous Where the heterologous sequence is located downstream 



5,843,723 

5 6 

from a viral j unction region, the vector construct may further alphavims particles in response to one or more factors, 

comprise a poly linker located subsequent to the viral junc- Within certain embodiments, an alphavims inhibitory pro- 

tion region. Within preferred embodiments, such polylinkers tein is not produced within the packaging cell line, 

do not contain a restriction endonuciease recognition Within other aspects, retroviral-derived packaging cell 

sequence present in the wild-type alphavims sequence. 5 lines are provided which are suitable for packaging and 

In yet another embodiment, in the vectors described production of an alphavims vector. Within one embodiment, 
above the selected heterologous sequence may be located a retroviral-derived producer cell line suitable for packaging 
within the nucleotide sequence encoding alphavims non- and production of an alphavims vector is provided, corn- 
structural proteins. prising an expression cassette which directs the expression 

In particular embodiments, the vectors described above 10 of gag/pol, an expression cassette which directs the expres- 

include a viral junction region consisting of the nucleotide sion of env, and alphavims vector construct containing a 

sequence as shown in FIG. 3, from nucleotide number 7579, retroviral packaging sequence. 

to nucleotide number 7597 (SEQ. ID NO. 1). In alternative Within another aspect, HBV-derived and coronavirus- 

embodiments, where the vector includes a second viral derived packaging cell lines are provided which are suitable 

junction, an E3 adenovirus gene may be located downstream 15 for packaging and production of and alphavims vector, 

from the second viral junction region. Vectors of the present Within one embodiment, an HBV-derived packaging cell 

invention may also further comprise a non-alphavirus (for line is provided, comprising an expression cassette which 

example retrovirus, coronavirus, hepatitis B vims) packag- directs the expression of HBV core, preS/S, and P proteins, 

ing sequence located between the first viral junction region Within another embodiment, a coronavirus-derived packag- 

and the second viral junction region, or in the nonstructural 20 ing cell line is provided, comprising an expression cassette 

protein coding region. which directs the expression of coronavirus N, M, and S 

In further aspects, the present invention provides an proteins, 

isolated recombinant alphavirus vector which does not con- Within another aspect, a VSV-G derived packaging cell is 

tain a functional viral junction region, and which in pre- provided which is suitable for packaging and production of 

ferred embodiments produces reduced viral transcription of 25 an alphavirus vector, comprising a stably integrated expres- 

the subgenomic fragment. sion cassette which directs the expression of VSV-G. Within 

In soil a further aspect, the present invention provides an a further embodiment, such packaging cell lines comprise a 

alphavirus structural protein expression cassette, comprising stably integrated expression cassette which directs the 

a promoter and one or more alphavirus structural protein ^ expression of one or more alphavirus structural proteins, 

genes, the promoter being capable of directing the expres- Within yet other aspects, producer cell lines are provided 

sion of alphavirus structural proteins. In various based upon the above packaging cell lines. Within one 

embodiments, the expression cassette is capable of express- embodiment, such producer cell lines produce recombinant 

ing alphavirus structural proteins, such as an alphavirus alphavirus particles in response to a differentiation state of 

structural protein selected from the group consisting of C, 35 the producer cell line. Within other embodiments, such 

6K, E3, E2, and El. producer cell lines produce recombinant alphavirus particles 

Within other embodiments, the alphavirus structural pro- in response to one or more factors, 

tein is derived from an alphavirus selected from the group As utilized with the context of the present invention, 

consisting of Aura, Fort Morgan, Venezuelan Equine alphavirus producer cell line refers to a cell line which is 

Encephalitis, Ross River, Semliki Forest, Sindbis and ^ capable of producing recombinant alphavirus particles. The 

Mayaro viruses. producer cell line should include an integrated alphavirus 

In yet another aspect, the present invention provides an structural protein expression cassette capable of directing 
alphavirus structural protein expression cassette, comprising the expression of alphavirus structural proteinics), and also, 
a promoter, one or more alphavirus structural proteins, and an alphavirus vector construct- Preferably, the alphavirus 
a heterologous ligand sequence, the promoter being capable 45 vector construct is a cDNA vector construct. More 
of directing the expression of the alphavirus structural preferably, the alphavirus vector construct is an integrated 
proteins and the heterologous sequence. In various cDNA vector construct. When the alphavirus vector con- 
embodiments, the heterologous ligand sequence is selected struct is an integrated cDNA vector construct, it may, in 
from the group consisting of VSVG, HIV gpl20, antibody, some instances, function only in response to one or more 
insulin, and CD4. 50 factors, or the differentiation state of the alphavirus producer 

In certain embodiments, the expression cassettes cell line, 

described above include a promoter selected from the group i n still yet another aspect, the present invention provides 

consisting of metallothionein, Drosophila actin 5C distal, alphavirus particles which, upon introduction into a BHK 

SV40, heat shock protein 65, heat shock protein 70, Py,RSV, cell, produces an infected cell which is viable at least 24 

BK, JC, MuLV, MMTV, alphavirus junction region, CMV 55 hours and as much as 48, 72, or 96 hours, or 1 week after 

and VA1RNA infection. Also provided are m ammalian cells which contain 

The present invention also provides packaging cell lines such alphavirus particles. In addition, recombinant alphavi- 

and producer cell lines suitable for producing recombinant rus particles capable of infecting human cells are provided, 

alphavirus particles. Such packaging or producer cell lines In another aspect, the present invention provides recom- 

may be either mammalian or non-mammalian (e.g., insect 60 bin ant alphavirus particles which, upon introduction into a 

cells, such as mosquito cells). In certain embodiments, the BHK cell, produces an infected cell which is viable at least 

packaging cell lines and producer cell lines contain an 24 hours after infection, the particle also carrying a vector 

integrated alphavims structural protein expression cassette. construct which directs the expression of at least one antigen 

Within one embodiment, packaging cell lines are pro- or modified form thereof in target cells infected with the 

vided which, upon introduction of a vector construct, pro- 65 alphavirus particle, the antigen or modified form thereof 

duce alphavirus particles capable of infecting human cells. being capable of stimulating an immune response within an 

Within other embodiments, the packaging cell line produces animal. In various embodiments, the expressed antigen or 
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modified form thereof elicits a cell-mediated immune cells infected with the alphavirus, the antigen or modified 

response, preferably an HLA class I-restricted immune form thereof being capable of stimulating an immune 

response. response within an animal, in one embodiment, the target 

In still another aspect, the present invention provides cells are infected in vivo, although within other embodi- 

recombinant alphavirus particles which carry a vector 5 ments the target cells are removed, infected ex vivo, and 

capable of directing the expression of a palliative in cells returned to the animal 

infected vnth the alphavinis particle the palliative being i ns tm further aspects of the present invention, methods of 

capable of inhibiting a function of a pathogenic agent .. , .. *^ v . .' "" v "" 1 

necessary for pathogenicity. In various embodiments, the «™^Jiig an immune response to a pathogenic antigen are 

pathogenic agent is a virus, fungi, protozoa, or bacteria, and 10 P^ed, «>m P nsmg the step of mfectmg suscep^le target 

L mhibited function is selected bom the group consisting 10 ?"» Wth » part ? cle M ^ 

- j the expression of a modified form or a pathogenic antigen in 

of adsorption, replication, gene expression, assembly, and . - « • r * j *l i i_ • *t_ ^ j 

•* r £ *u * r_ . f _ A , „ w i»_ target cells infected with the alphavirus, the modified anti- 
exit of the pathogenic agent from infected cells. In other & . . , , _ . . . * . ^ 77. 

, , . . „ gen being capable of stimulating an immune response within 

embodiments, the pathogenic agent is a cancerous cell, & • t . . , , , . 

cancer-promoting growth factor, lutoimmune disorder, car- 1S an ,? mmid bul havm S reduced pathogenicity relative to the 

• * i jr j u * ~* * j 5 pathogenic antigen, 
diovascular disorders such as restenosis, osteoporosis and 

male pattern baldness, and the inhibited function is selected In even further as P^ cts of tbe present invention, methods 

from the group consisting of cell viability and cell replica- of stimulating an immune response to an antigen are 

tion. In further embodiments, the vector directs the expres- provided, comprising infecting susceptible target cells with 

sion of a toxic palliative in infected target cells in response ^ a recombinant alphavirus particle which directs the expres- 

to the presence in such cells of an entity associated with the sion of a Peptide having multiple epitopes, one or more of 

pathogenic agent; preferably the palliative is capable of me epitopes derived from different proteins, 

selectively inhibiting the expression of a pathogenic gene or 1° yet another aspect of the invention, methods of stimu- 

inhibiting the activity of a protein produced by the patho- lating an immune response within a warm-blooded animal 

genie agent. In still further embodiments, the palliative ^ are provided, comprising infecting susceptible target cells 

comprises an inhibiting peptide specific for viral protease, associated with a warm-blooded animal with nucleic acid 

an antisense RNA complementary to RNA sequences nee- sequences coding for either individual class I or class II 

essary for pathogenicity, a sense RNA complementary to MHC protein, or combinations thereof, and infecting the 

RNA sequences necessary for pathogenicity, or a defective cells with an alphavirus particle which directs the expression 

structural protein of a pathogenic agent, such protein being 3Q °f at l eas * one antigen or modified form thereof in target cells 

capable of inhibiting assembly of the pathogenic agent. infected with the alphavirus particle, the antigen or modified 

In yet further embodiments, recombinant alphavirus par- form thereof being capable of stimulating an immune 

tides described above direct the expression of a palliative, response within the animal. 

more particularly, direct the expression of a gene product In another aspect of the present invention, methods of 

capable of activating an otherwise inactive precursor into an 35 inhibiting a pathogenic agent are provided, comprising 

active inhibitor of the pathogenic agent, for example, the infecting susceptible target cells with an alphavinis particle 

herpes thymidine kinase gene product, a tumor suppressor which directs the expression of a palliative in cells infected 

gene, or a protein that activates a compound with little or no with the alphavirus particle, the palliative being capable of 

cytotoxicity into a toxic product in the presence of a patho- inhibiting a function of a pathogenic agent necessary for 

genie agent, thereby effecting localized therapy to the patho- 40 pathogenicity. 

genie agent. Alternatively, the recombinant alphavirus par- As utilized within the context of the present invention, 

tide directs the expression of a protein that is toxic upon vector or vector constructs which direct the expression of a 

processing or modification by a protein derived from a heterologous sequence of interest in fact refers to the tran- 

pathogenic agent, a reporting product on the surface of target scribed vector RNA, which directs the expression of the 

cells infected with the alphavirus and containing the patho- 45 heterologous sequence of interest In addition, although 

genie agent, or an RNA molecule which functions as an "animals'* are generally referred to, it should be understood 

antisense or ribozyme specific for a pathogenic RNA mol- that the present invention may be readily applied to a wide 

ecule required for pathogens. In certain embodiments, in the variety of animals (both mammalian and non-mammalian), 

alphavirus particles described above, the protein is herpes including for example, humans, chimps, macaques, cows, 

thymidine kinase or CD4. 50 horses, sheep, dogs, birds, cats, fish, rats, and mice. Further, 

In yet further aspects, the present invention provides although alphaviruses such as Sindbis may be specifically 

recombinant alphavirus particles which direct the expression described herein, it should be understood that a wide variety 

of a gene capable of suppressing one or more elements of the of other alphaviruses may also be utilized including, for 

immune system in target cells infected with the alphavirus example, Aura, Venezuelan Equine Encephalitis, Fort 

vector, and an alphavirus particle which directs the expres- 55 Morgan, Ross River, Semliki Forest, and Mayaro. 

sion of a blocking element in cells infected with the alphavi- Within other aspects of the present invention, methods are 

rus vector, the blocking element being capable of binding to provided for delivering a heterologous nucleic acid sequence 

either a receptor or an agent such that the receptor/agent to an animal comprising the steps of administering to the 

interaction is blocked. warm-blooded animal a eukaryotic layered vector initiation 

In further aspects, methods are provided for administering 60 system as described above. Within certain embodiments, the 

any of the above-described recombinant alphavirus particles eukaryotic layered vector initiation system may be intro- 

or vectors, for a prophylactic or therapeutic effect For duced into the target cells directly as a DNA molecule by 

example, within one aspect, the present invention provides physical means, as a complex with various liposome 

methods of stimulating an immune response to an antigen, formulations, or as a DNA-ligand complex including the 

comprising the step of infecting susceptible target cells with 65 vector molecule (e.g., along with a polycation compound 

a recombinant alphavirus particle which directs the expres- such as polylysine, a receptor specific ligand, or a psoralen 

sion of at least one antigen or modified form thereof in target inactivated virus such as Sendai or Adenovirus). 
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Within yet other aspects of the invention, ex vivo cells are FIG. 16B is a bar graph which shows Sindbis B V-HBe 

infected with any of the above-described recombinant expression and packaging in BHK cells (supernatant), 

alphaviruses are provided. Within yet other aspects, recom- piG. 17 is a bar graph which shows Sindbis BV-HB core 

binant alphavirus particles are provided which are resistant expression and packaging in BHK cells, 

to inacuvation in serum. As utilized herein recombinant s pj G . 18 ^ a ^ n which ^ows a ^arisen of HB 

alphavirus particles are considered to be resistant to inacti- CQre Kssed from Sindbis and RETRO VECTORS™, 

vation in serum if the ratio of surviving particles to input/ „ 

starting particles in a complement inactivation assay is ^ G 19 * a bar wmch shows ELVIS HBe vector 

greater in a statistically significant manner, preferably at expression in BHK cells. 

least 5-fold, and as much as 10- to 20-fold, as compared to 10 FIGS. 20A-D are a schematic illustration of several 

a reference sample produced in BHK cells. Within further representative mechanisms for activating a disabled viral 

aspects, pharmaceutical compositions are provided compris- junction region by "RNA loop-out." 

ing any of the above-described vectors, or recombinant FIG. 21 is a western blot demonstrating expression of 

alphavirus particles, in combination with a physiologically capsid protein after transfection with pMAM/C, selection in 

acceptable carrier or diluent. 15 HAT media, and induction with dexamethasone. 

In yet another aspect of the invention, the eukaryotic FIGS. 22A-22B depict a bar graph which demonstrates 

layered vector initiation systems provided enable new meth- the level of expression of luciferase in BHK cells transfected 

ods for large scale recombinant protein expression. with ELVIS-LUC vector, and various modifications thereof. 

These and other aspects of the present invention will FIG. 23 is a bar graph which demonstrates the level of 
become evident upon reference to the following detailed 20 luciferase or p-galactosidase expression in BHK cells trans- 
description and attached drawings. In addition, various fected with ELVIS expression vectors, co-transfected with 
references are set forth below which describe in more detail ELVIS expression and helper vectors, or transduced with 
certain procedures or compositions (e.g., plasmids, etc.). packaged ELVIS expression vectors. 
These references are incorporated herein by reference in ^ nG 24 depicts a photomicrograph of a ELVlS-0-gal 
their entirety. injected rat muscle at three days post inoculation. A trans- 
BRIEF DESCRIPTION OF THE DRAWINGS verse cryosection from gastronemius muscle injected with 
. . , „ 50 ug of ELVIS-6-gal contained in PBS is shown. Four blue 

nG.lisaschemaacillustraUonofSindbisvirusgenomic staked {IZDSVCISC fibers ^ evidenl 

organization. 

FIG. 2 is an illustration which depicts a method for 30 DETAILED DESCRIPTION OF THE 

amplification of a Sindbis RNA genome by RT-PCR. INVENTION 

FIGS. 3A-H set forth the sequence of a representative p^r to setting forth the invention, it may be helpful to an 

Eukaryotic Layered Vector Initiation System derived from understanding thereof to first set forth definitions of certain 

Sindbis (SEQ. ID NO. 1). 35 terms that will be used hereinafter. 

FIG. 4 is a schematic illustration of a Sindbis Basic Vector "Alphavirus vector construct" refers to an assembly 

and a Sindbis-iuciferase Vector. which is capable of directing the expression of a sequence(s) 

FIG. 5 is an illustration of Sindbis Helper Vector Con- or gene(s) of interest. The vector construct should include a 

struction. 5' sequence which is capable of initiating transcription of an 

FIG. 6 is a graph which illustrates expression and rescue 40 alphavirus, as well as sequence(s) which, when expressed, 

of a Sindbis-iuciferase Vector. code for biologically active alphavirus noo-structural pro- 

FIG. 7 is an illustration of one method for modifying a teins ( e *g-> NSP1, NSP2, NSP3, and NSP4), and an alphavi- 

Sindbis junction region(SEQ ID No:l, positions rus RNA polymerase recognition sequence. In addition, the 

7579-7602). vector construct should include a viral junction region which 

FIG. 8 is a schematic illustration of a representative « may, in certain embodiments, be modified in order to 
embodiment of a Eukaryotic Layered Vector Initiation Sys- prevent, increase, or reduce viral transcription of the sub- 
orn genomic fragment, and an alphavirus RNA polymerase 

FIG. 9 is a graph which shows a time course for luciferase recognition sequence. The vector may also include nucleic 

expression from ELVIS-LUC and S1NBV-LUC vectors. acid molecule ( s ) which are of a size sufficient to allow 

FIG. 10 is a bar graph which depicts the level of ELVIS 50 £ f ™^ TO a 5' promoter wWch is capable of 

^ . . initiating the synthesis or viral RNA in vitro from cDNA, as 

vector reporter gene expression compared to several differ- n B J , . . . * , . 7/. 

ent vector constructs. 351 one or more restncUon Sltes > and a polyadenylation 

scQuence. 

FIG. 11 is a schematic illustration of Sindbis Packamne A . , * „ VT . _ 

r, ^ "Alphavirus cDNA vector construct refers to an assem- 

Expression Cassettes. , , , , . , . c ,. . , . . 

. , . , . . , ^, VT t 55 bly which is capable of directing the expression of a 

FIG. 12 is a bar graph which shows SIN-luc vector nC e(s) or (s) of interest 6 ^ veclor 

packaging by representaUve packaging ceU lines. ^ m inc , ude a 5 , m wMch is of ^ 

FIG. 13 is a bar graph which shows SIN-luc vector transcription of an alphavirus, as well as sequence(s) which, 

packaging by PCL clone #18 over time. when expressed , code for biologically active alphavirus 

FIG. 14 is a bar graph which depicts the level of expres- & non-structural proteins (e.g., NSP1, NSP2, NSP3, and 

sion by several different luciferase vectors in BHK cells and NSP4), and an alphavirus RNA polymerase recognition 

undifferentiated F9 cells. sequence. In addition, the vector construct should include a 

FIG. 15 is a schematic illustration of how Astroviruses or 5' promoter which is capable of initiating the synthesis of 

other heterologous viruses may be used to express Sindbis viral RNA from cDNA, a viral junction region which may, 

structural proteins. 65 m certain embodiments, be modified in order to prevent, 

FIG. 16A is a bar graph which shows Sindbis BV-HBe increase, or reduce viral transcription of the subgenomic 

expression and packaging in BHK cells (lysate). fragment, an alphavirus RNA polymerase recognition 
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sequence, and a 3' sequence which controls transcription VR-469), Una (ATCC VR-374), Venezuelan equine 

termination. The vector may also include nucleic acid encephalomyelitis (ATCC VR-69), Venezuelan equine 

molecules) which are of a size sufficient to allow production encephalomyelitis virus (ATCC VR-923, ATCC VR-1250 

of viable virus, splice recognition sequences, a catalytic ATCC VR-1249, ATCC VR-532), Western equine encepha- 

ribozyme processing sequence, as well as a polyadenylation 5 lomyelitis (ATCC VR-70, ATCC VR-1251, ATCC VR-622, 

sequence. ATCC VR-1252), Whataroa (ATCC VR-926), and Y-62-33 

"Expression cassette" refers to a recombinantly produced (ATCC VR-375). 

nucleic acid molecule which is capable of directing the b. SEQUENCES WHICH ENCODE WILD-TYPE SIND- 

expression of one or more proteins. The expression cassette gjs VIRUS 

must include a promoter capable of directing the expression 10 Within one particularly preferred aspect of the present 

of said proteins, and a sequence encoding one or more invention, the sequences which encode wild-type alphavirus 

proteins, said proteins preferably comprising alphavirus may be obtained from Sindbis virus. In particular, within one 

structural protein(s). Optionally, the expression cassette may embodiment of the invention (and as described in more 

include tanscription termination, splice recognition, and detail below in Example 1), a Sindbis full-length genomic 

polyadenylation addition sites. Preferred promoters include 15 C DNA clone may be obtained by linkin g the 5* end of a 

the CM V, MMTV, MoMLV, and adenovirus VA1RNA pro- Sindbis virus cDNA clone to a bacteriophage RNA poly- 

moters. In addition, the expression cassette may contain merase promoter, and the 3* end of the cDNA clone to a 

selectable markers such as Neo, SV2 Neo, hygroraycin, polyadenosine (poly A) tract of at least 25 nucleotides. In 

pbleomycin, histidinol, and DHFR. particular, synthesis of the first cDNA strand from the viral 

"Alphavirus producer cell line" refers to a cell line which 20 RNA template may be accomplished with a 3' oligonucle- 

is capable of producing recombinant alphavirus particles. otide primer having a consecutive sequence comprising an 

The producer cell line should include an integrated alphavi- enzyme recognition sequence, a sequence of 25 deoxytby- 

rus structural protein expression cassette capable of direct- midine nucleotides, and a stretch of approximately 18 micle- 

ing the expression of alphavirus structural protein(s), and otides which is complementary to the viral 3' end, and with 

also, an alphavirus vector construct. Preferably, the alphavi- 25 a 5' primer containing buffer nucleotides, an enzyme recog- 

rus vector construct is a cDNA vector construct. More nition sequence, a bacteriophage promoter, and a sequence 

preferably, the alphavirus vector construct is an integrated complimentary to the viral 5* end. The enzyme recognition 

cDNA vector construct. When the alphavirus vector con- sites present on each of these primers should be different 

struct is an integrated cDNA vector construct, it may, in from each other, and not found in the Sindbis virus. Further, 

some instances, function only in response to one or more 30 the first nucleotide linked to the 3' end of the bacteriophage 

factors, or the differentiation state of the alphavirus producer RNA polymerase promoter may be the authentic first nucle- 

cell line. otide of the RNA virus, or may contain one or more 

"Recombinant alphavirus particle" refers to a capsid additional non-viral nucleotides. RNA transcribed in vitro 
which contains an alphavirus vector construct. Preferably, from the viral cDNA clone, having the construction 
the capsid is an alphavirus capsid and is contained within a 35 described above and linearized by digestion with the unique 
lipid bilayer, such as a cell membrane, in which viral- dT:dA 3* distal restriction enzyme will, after introduction 
encoded proteins are embedded. In some instances, the into the appropriate eukaryotic cell, initiate the same infec- 
alphavirus vector construct may be contained in a capsid tion cycle which is characteristic of infection by the wild- 
derived from viruses other than alphavimses (for example, type virus from which the cDNA was cloned. This viral 
retroviruses, coronaviruses, and hepatitis B virus). A variety 40 cDNA clone, which yields RNA able to initiate infection 
of alphavirus vectors may be contained within the recom- after in vitro transcription, is referred to below as an 
bin ant alphavirus particle, including the alphavirus vector "infectious cDNA clone." 

constructs of the present invention. C. PRODUCTION OF RECOMBINANT ALPHAVIRUS 

A SOURCES OF ALPHAVIRUS VECTOR CONSTRUCTS WITH INACTIVATED VIRAL 

As noted above, the present invention provides alphavirus 45 JUNCTION REGIONS 

vector constructs, alphavirus particles containing such An infectious cDNA clone prepared as described above 

constructs, as well as methods for utilizing such vector (or utilizing sequences encoding an alphavirus obtained 

constructs and particles. Briefly, sequences encoding wild- from other sources) may be readily utilized to prepare 

type alphavirus suitable for use in preparing the above- alphavirus vector constructs of the present invention, 

described vector constructs and particles may be readily 50 Briefly, within one aspect of the present invention, recom- 

obtained given the disclosure provided herein from binant alphavirus vector constructs are provided, comprising 

naturaUy-c<xwring sources, or from depositories (e.g., the a 5' sequence which is capable of initiating transcription of 

American Type Culture Collection, Rockville, Md.). an alphavirus, a nucleotide sequence encoding alphavirus 

Representative examples of suitable alphavimses include nonstructural proteins, a viral junction region which has 

Aura (ATCC VR-368), Bebaru virus (ATCC VR-600, ATCC 55 been inactivated such that viral transcription of the subge- 

VR-1240), Cabassou (ATCC VR-922), Chikungunya virus nomic fragment is prevented, and an alphavirus RNA poly- 

(ATCC VR-64, ATCC VR-1241), Eastern equine encepha- merase recognition sequence. As will be discussed in greater 

lomyelitis virus (ATCC VR -65, ATCC VR-1242), Fort Mor- detail below, alphavirus vector constructs which have inac- 

gan (ATCC VR-924), Getah virus (ATCC VR-369, ATCC tivated viral junction regions do not transcribe the subge- 

VR-1243), Kyzylagach (ATCC VR-927), Mayaro (ATCC 60 nomic fragment, making them suitable for a wide variety of 

VR-66), Mayaro virus (ATCC VR-1277), Middleburg applications. 

(ATCC VR-370), Mucambo virus (ATCC VR-580, ATCC 1. RNA POLYMERASE PROMOTER 

VR-1244), Ndumu (ATCC VR-371), Pixuna virus (ATCC As noted above, within certain embodiments of the inven- 

VR-372, ATCC VR-1245), Ross River virus (ATCC tion alphavirus vector constructs are provided which contain 

VR-373, ATCC VR-1246), Semliki Forest (ATCC VR-67, 65 a 5' promoter which is capable of initiating the synthesis of 

ATCC VR-1247), Sindbis virus (ATCC VR-68, ATCC viral RNA in vitro from cDNA Particularly, preferred 5' 

VR-1248), Tonate (ATCC VR-925), Triniti (ATCC promoters include both eukaryotic and prokaryotic 
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promoters, such as, for example, the p-galactosidase Within preferred embodiments of the invention (and as 

promoter, trpE promoter, lacZ promoter, T7 promoter, T3 described in more detail below), the viral junction region is 

promoter, SP6 promoter, SV40 promoter, CMV promoter, inactivated in order to prevent viral transcription of the 

and MoMLV LTR. subgenomic fragment. As utilized within the context of the 

2. SEQUENCES WHICH INITIATE TRANSCRIPTION 5 present invention, "inactivated" means that the fragment 
As noted above, within preferred embodiments the corresponding to the initiation point of the subgenomic 

alphavirus vector constructs of the present invention contain fragment> ^ meaS ured by a RNase protection assay, is not 

a 5 sequence which is capable of initiating transcription of detected (RcpresciItotivc are described by Melton et 

an alphavirus Representative examples of such sequences ^ N Acids R ^ 12:703 5-7056, 1984; Calzon et aL, 

include nucleotides 1-60, and to a lesser extent nucleotides . r . j „ . . A * 

150-210, of the wild-type Sindbis virus (see FIG. 3), nucle- 10 ^ e ^?^lf^"f 3i ^ ***** * 

otides 10-75 for tRNA^aragme (Schlesinger et al., U.S. ^ 343:457^1 1990.) f 

Pat. No. 5,091309), and S> sequences from other Togavi- . Withm one embodiment of the invention, the viral junc- 

ruses which initiate transcription. Uon re g 10D K inactivated by truncating the viral junction 

3. ALPHAVIRUS NONSTRUCTURAL PROTEINS *& on at nucleotide 7597 (i.e., the viral junction region will 
Alphavirus vector constructs of the present invention 15 men consist of the sequence as shown in FIG. 3, from 

should also contain sequences which encode alphavirus nucleotide 7579 to nucleotide 7597). This truncation pre- 

nonstructural proteins (NSPs). As an example, for Sindbis vents transcription of the subgenomic fragment, and addi- 

virus there axe four nonstructural proteins, NSP1, NSP2, tionally permits synthesis of the complete NSP4 region 

NSP3 and NSP4, which encode proteins that enable the virus (which is encoded by nucleotides 5928 to 7579). 

to self- replicate. Nonstructural proteins 1 through 3 20 As will be evident to one of ordinary skill in the art given 

(NSP1-NSP3) are, within one embodiment of the invention, the disclosure provided herein, a wide variety of other 

encoded by nucleotides 60 to 5750 of the wild-type Sindbis deletions, substitutions or insertions may also be made in 

virus (see FIG. 3). These proteins are produced as a polyp ro- order to inactivate the viral junction region. For example, 

tein and later cleaved into nonstructural proteins NSP1, within other embodiments of the invention the viral junction 

NSP2, and NSP3. NSP4 is, within one embodiment, 25 region may be further truncated into the region which 

encoded by nucleotides 5928 to 7579 (see FIG. 3). encodes NSP4, thereby preventing viral transcription from 

It will be evident to one of ordinary skill in the art that a the subgenomic fragment while retaining the biological 

wide variety of sequences which encode alphavirus non- activity of NSP4. Alternatively, within other embodiments, 

structural proteins, in addition to those discussed above, may due to the redundancy of the genetic code, nucleotide 

be utilized in the present invention, and are therefore 30 substitutions may be made in the sequence encoding NSP4, 

deemed to fall within the scope of the phrase "Alphavirus the net effect of which does not alter the biological activity 

Nonstructural Proteins." For example, within one embodi- of NSP4 yet, nevertheless, prevents transcription of the 

ment of the invention, due to the degeneracy of the genetic subgenomic fragment. 

code, more than one codon may code for a given amino acid. 5. ALPHAVIRUS RNA POLYMERASE RECOGNI- 

Therefore, a wide variety of nucleic acid sequences which 35 TION SEQUENCE, AND POLY- A TAIL 

encode alphavirus nonstructural proteins may be generated. As noted above, alphavirus vector constructs of the 

Within other embodiments of the invention, a variety of present invention should also include an alphavirus RNA 

other nonstructural protein derivatives may be made, includ- polymerase recognition sequence (also termed "alphavirus 

ing for example, various substitutions, insertions, or replicase recognition sequence*'). Briefly, the alphavirus 

deletions, the net result of which do not alter the biological 40 RNA polymerase recognition sequence provides a recogni- 

activity of the alphavirus nonstructural proteins. Within the tion site at which the virus begins replication by synthesis of 

context of the present invention, alphavirus nonstructural the negative strand. A wide variety of sequences may be 

proteins are deemed to be "biologically active" in to to if they utilized as an alphavirus RNA polymerase recognition 

promote the self-replication of the vector construct Self- sequence. For example, within one embodiment, Sindbis 

replication, which refers to replication of viral nucleic acids 45 vector constructs of the present invention include a Sindbis 

and not the production of infectious virus, may be readily polymerase recognition sequence which is encoded by 

determined by metabolic labelling or RNase protection nucleotides 11,647 to 11,703 (see FIG. 3). Within other 

assays performed over a course of time. Methods for making embodiments, the Sindbis polymerase recognition is trun- 

such derivatives may be readily accomplished by one of cated to the smallest region which can still function as a 

ordinary skill in the art given the disclosure provided herein 50 recognition sequence (e.g., nucleotides 11,684 to 11,703 of 

(see also, Molecular Cloning: A Laboratory Manual (2d. FIG. 3). 

ed.), Cold Spring Harbor Laboratory Press). Within preferred embodiments of the invention, the vector 

4. VIRAL JUNCTION REGIONS construct may additionally contain a polyA tail. Briefly, the 
Within this aspect of the invention, the alphavirus vector polyA tail may be of any size which is sufficient to promote 

constructs may also include a viral junction region which 55 stability in the cytoplasm, thereby increasing the efficiency 

has been inactivated, such that viral transcription of the of initiating the viral life cycle. Within various embodiments 

subgenomic fragment is prevented. Briefly, the alphavirus of the invention, the polyA tail comprises at least 10 

viral junction region normally controls transcription initia- adenosine nucleotides, and most preferably, at least 25 

tion of the subgenomic mRNA. In the case of the Sindbis adenosine nucleotides. 

virus, the normal viral junction region typically begins at 60 D. OTHER ALPHAVIRUS VECTOR CONSTRUCTS 

approximately nucleotide number 7579 and continues In addition to the vector constructs which are generally 

through at least nucleotide number 7612 (and possibly described above, a wide variety of other alphavirus vector 

beyond). At a minimum, nucleotides 7579 to 7602 (5'-ATC constructs may also be prepared utilizing the disclosure 

TCTACG GTG GTC CTAAATAGT -SEQ. ID NO. 2) are provided herein. 

believed necessary for transcription of the subgenomic frag- 65 1. MODIFIED VIRAL JUNCTION REGIONS 

ment. This region (nucleotides 7579 to 7602) is hereinafter As noted above, the present invention provides viral 

referred to as the "minimal junction region core." junction regions which have been modified from the wild- 
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type sequence. Within the context of the present invention, sponding to the entire junction region may be added to the 

modified viral junction regions should be understood to in tandem junction region, in increments, 

include junction regions which have wild-type activity, but 3. THE ADENOVIRUS E3 GENE 

a non-wild-type sequence, as well as junction regions with Within another aspect of the invention, an adenovirus E3 

increased, decreased, or no activity. For example, within one 5 g ene is inserted into a tandem vector construct following the 

aspect of the invention, alphavirus vector constructs are second viral junction region, in order to down-regulate HLA 

provided wherein the viral junction region has been expression in alphavirus infected cells. Briefly, within vari- 

modified, such that viral transcription of the subgenomic ous embodiments of the invention, repeated inoculations of 

fragment is reduced. Briefly, infection of cells with wild- *Z eot therapeutic into the same individual is desirable, 

type alphavirus normally results in cell death as a result of 10 "° W * Ver ' . re P eated «™ktions of /Iphaviruses such as the 

abundant viral transcription of the subgenomic fragment Sm £* ^ ™* ^ *°. ^vdopmcm of specific 

. . . , c . . . . *? , , j antibodies or cell-mediated immune response aeainst Sind- 

m.uated from the viral junction region. This Urge abundance bis ^ nonstructura] proteins (NSPs) Thusfit may be 

of RNA molecules can overwhelm the transcriptional necessary to mitigate me F host imrnuDe ^sponse targeted to 

machinery of the infected ceU, ultimately resulting in death y^^^c proteins m order to administer repeated doses 

of the cell. In applications where it is desired that infection 15 to me ^ individual. 

of a target cell should result in a therapeutic effect (e.g., Therefore, within one embodiment of the invention, prod- 
strand scission of a target nucleic acid or prolonged expres- ucts of the Adenovirus type 2 early region gene 3 are utilized 
sion of a heterologous protein) rather than cell death, several in order to down-regulate the expression of integral histo- 
modifications to the alphavirus vector construct (in addition compatibility antigens expressed on the surface of infected 
to inactivating the vector construct, as described above) may 20 cells. Briefly, the E3 19,000 dalton (E3/19K) protein binds 
be made in order to reduce the level of viral transcription of to, and forms a molecular complex with, class I H-2/HLA 
the subgenomic fragment, and thereby prolong the life of the antigens in the endoplasmic reticulum, preventing terminal 
vector infected target cell. Within the context of the present glycosylation pathways necessary for the full maturation and 
invention, viral transcription of the subgenomic fragment is subsequent transport of the class I H-2/HLA antigens to the 
considered to be "reduced" if it produces less subgenomic 25 cell membrane. In target cells infected with an alphavirus 
fragment than a standard wild-type alphavirus (e.g., Sindbis vector encoding the Ad 2 E3 protein, co-expression of the 
virus ATCC No. VR-1248) as determined by a RNase viral nonstructural proteins in the context of class I antigens 
protection assay. will not occur. Thus, it is possible to administer repeated 
Viral junction regions may be modified by a variety of doses of an alphavirus vector which expresses the Ad 2 E3 
methods in order to reduce the level of viral transcription of 30 protein as a component of its therapeutic palliative to the 
the subgenomic fragment For example, within one embodi- same individual. A representative example of the use of the 
ment of the invention, due to the redundancy of the genetic Adenovirus E3 gene is set forth in more detail below in 
code nucleotide substitutions may be made in the viral Example 4A. 
junction region 7579 to 7597, the net effect of which does 4. THE CMV H301 GENE 

not alter the amino acid sequence NSP4 (or, within other 35 Other methods may also be utilized in order to mitigate a 
embodiments, the biological activity of NSP4), and yet host's immune response against viral NSPs. For example, 
reduces the level of viral transcription of the subgenomic within another aspect of the invention, the human cytome- 
fragment If the modified vector construct includes nucle- galovirus ("HCMV") H301 gene is cloned into an alphavirus 
otides beyond 7597 (e.g., to 7602 or 7612), further nucle- vector construct, preferably immediately following the sec- 
otide substitutions may likewise be made, although, since 40 ond viral junction region in a tandem vector, in order to 
NSP4 terminates at 7597, such substitutions need not be inhibit host CTL response directed against viral specific 
based upon genetic redundancy. Representative examples of proteins expressed in vector infected cells, 
modified viral junction regions are described in more detail Briefly, 2- Microglobulin (2 m) protein binds to the 1,2 
below in Example 3. and 3 domains of the alpha-chain of the class I major 
2. TANDEM VIRAL JUNCTION REGIONS 45 histocompatibility molecules of higher eukaryotes. Prevent- 
Within other aspects of the invention, alphavirus vector ing the interaction between 2 m and MHC class I products 
constructs are provided, which comprise a 5* sequence renders infected cells unrecognizable by cytotoxic T cells, 
which is capable of initiating transcription of an alphavirus, Therefore, as described in greater detail below in Example 
a nucleotide sequence encoding alphavirus non-structural 4B, expression of the HCMV H301 gene product as a 
proteins, a first viral junction region which has been inac- 50 component of a therapeutic palliative may be utilized in 
tivatcd such that viral transcription of the subgenomic order to mitigate the host immune response to viral NSP. 
fragment is prevented, a second viral junction region which 5. NONALPHAVTRUS PACKAGING SEQUENCE 
is active, or which has been modified such that viral tran- Within another aspect of the invention, a packaging 
scription of the subgenomic fragment is reduced, and an sequence derived from a virus other than an alphavirus (for 
alphavirus RNA polymerase recognition sequence. Such 55 example, retrovirus, corona virus, hepatitis B virus) is 
vector constructs are referred to as "tandem" vector con- inserted into a tandem vector and positioned between the 
structs because they comprise a first inactivated (or first (inactivated) viral junction region and the second, 
"disabled") viral junction region, as well as a second modi- modified viral junction region. Briefly, non alphavirus pack- 
fied ("synthetic") or unmodified viral junction region. aging sequences signal the packaging of an RNA genome 
Within preferred embodiments of the invention, the inacti- 60 into a virus particle corresponding to the source of the 
vated junction region is followed directly by the second viral packaging sequence. For example, and as described in more 
junction region. detail below, a retroviral packaging sequence may be uti- 
In applications where a low level of subgenomic tran- lized in order to package an alphavirus vector into a retro- 
scrip ti on is required, a minimal junction region core may be viral particle using a retroviral packaging cell line. This is 
inserted downstream in tandem to the inactivated junction 65 performed in order to increase the efficiency of alphavirus 
region. In order to gradually increase the level of subge- vector transfer into an alphavirus packaging cell line, or to 
nomic transcription for the desired effect, sequences corre- alter the cell or tissue tropism of the alphavirus vector. 
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6. EXPRESSION OF MULTIPLE HETEROLOGOUS some entry may be placed into Sindbis vectors 

GENES pKSSINBVdUR, pKSSINBV, pKSSINBVdURsjrc, or vec- 

The genomic length and subgenomic length of mRNAs tors encompassed by the eukaryotic layered vector initiation 

transcribed in wild-type alp ha virus infected cells are system, in the configurations as discussed above. The source 

polycistronic, coding for, respectively, the viral four non- 5 of these translation control sequences are the picornaviruses 

structural proteins (NSPs) and four structural proteins (SPs). P° uo m <* EMCV, the 5* noncoding region of the human 

The genomic and subgenomic mRNAs are translated as immunoglobulin heavy-chain binding protein, and a syn- 

polyproteins, and processing into the individual nonstruc- ^ ttic sequence of at least 15 bps corresponding in part to the 

tural and structural proteins is accomplished by post- I F ozak ^consensus sequence for effident Rational initia- 

translation^ proteolytic cleavage, catalyzed by viral 10 ^ Although not described m detail here, these signals 

encoded NSP- and SP- specific proteases, as well as cellular ^ mch ^tfrandaUon initiation can ako be placed down- 

r r stream of the junction region and between heterologous 

^ '. ... r.Lit.* . *ij genes in all of the modified junction region vectors 

In certain applications of the alphavirus vectors described described in Example 3 
herein, the expression of more than one heterologous gene M ooted above> me ^hivinis cDNA vector constat 
is desired. For example, m order to treat metabohc disorders 15 ^ includes a 3* sequence which controls transcription 
such as Gaucher's syndrome, multiple administrations of termination. A representative example of such a sequence is 
alphavirus vectors or particles may be required, since dura- set forth in more detail in Examples 2 and 3. 
tion of the therapeutic palliative may be limited. Therefore, 7. TISSUE SPECIFIC EXPRESSION 
with certain embodiments of the invention it may be desir- Within other aspects of the present invention, alphavirus 
able to co-express in a target cell the Ad 2 E3 gene (see 20 vector constructs are provided which are capable of express- 
Example 4), along with a therapeutic palliative, such as the ing a desired heterologous sequence only in a selected tissue, 
ghicocerebrosidase gene (see Example 17). In wild-type One such representative example is shown in FIG. 20. 
virus, however, the structural protein ("SP") polycistronic Briefly, as shown in FIG. 20A, a recombinant alphavirus 
message is translated into a single polyprotein which is vector is constructed such that upon introduction of the 
subsequently processed into individual proteins by cleavage 25 vector (FIG. 20A) into a target cell, internal inverted repeat 
with SP-encoded proteases. Thus, expression of multiple sequences which flank the transcriptional control regions 
heterologous genes from a polycistronic message requires a (e.g., modified junction region) loop out (see FIG. 20B), 
mechanism different from the wild-type virus, since the SP thereby preventing viral transcription of subgenomic 
protease gene, or the peptides recognized for cleavage, are sequences ("G.OJ.") from the synthetic junction region, 
not present in the replacement region of the alphavirus 30 On the other hand, activation of the vector can be attained 
vectors. if the inverted repeats are designed to also hybridize to a 

Therefore, within one embodiment of the invention specific cellular RNA sequence which is characteristic of a 

alphavirus vectors may be constructed by placing appropri- selected tissue or cell type. Such cellular RNA disrupts the 

ate signals either ribosome readthrough or internal ribosome disabling stem loop structure, thereby allowing the forma- 

entry between cistrons. One such representative method of 35 tion of a more stable secondary stem loop structure (FIGS, 

expressing multiple heterologous genes is set forth below in 20C and 20D). This secondary stem loop structure allows 

Example 5. transcription of the sub-genomic message by placing the 

In yet another embodiment of the invention, the place- junction region back into its correct positional configuration, 

ment of signals promoting either ribosome readthrough or Full-length alphavirus vectors can also be transcribed 

internal ribosome entry immediately downstream of the 40 using the secondary stem loop structure by taking advantage 

disabled junction region vector pKSSINBVdUR is described of the ability of the viral polymerase to switch templates 

(see Examples 3 and 5). In this vector configuration, syn- during synthesis of the negative strand using a strand 

thesis of subgenomic message cannot occur; however, the hopping mechanism termed copy choice (King, RNA genet- 

heterologous proteins are expressed from genomic length ics II, CRC Press, Inc., Boca Raton Fla., Domingo et al. 

mRNA by either ribosomal readthrough (scanning) or inter- 45 (ed.), pp. 150-185, 1988). Once a single successful round of 

nal ribosome entry. Relative to wild-type, the low level of transcription has occurred, the resulting RNA transcript does 

viral transcription with this alphavirus vector would prolong not contain inverted repeats because they are deleted as a 

the life of the infected target cell. result of the polymerase copy choice event. This newly 

In still another embodiment of the invention, placement of synthesized RNA molecule now functions as the primary 

signals promoting either ribosome readthrough or internal 50 RNA vector transcript which will transcribe and express as 

ribosome entry immediately downstream of the pKSSINB- any other non-disabled genomic alphavirus vector previ- 

VdURsjr or pKSSINBV vectors is described. Briefly, since ously described. In this RNA vector configuration, tissue or 

synthesis of subgenomic mRNA occurs in cells infected with cell-specific activation of the disabled Sindbis vector can be 

the pKSSINBVdlJRsjr and pKSSINBV vectors, placement achieved if specific RNA sequences, present only in the 

of either a ribosome readthrough sequence or an internal 55 targeted cell or tissue types, are used in the design of the 

ribosome entry sequence between the two heterologous inverted repeats. In this fashion alphavi ruses such as Sindbis 

genes permits translation of both proteins encoded by the can be engineered to be tissue-specific expression vectors 

subgenomic mRNA polycistronic message. Further, addi- using similar inverted sequences described above, 

tional heterologous genes can be placed in the subgenomic Using this vector system to achieve tissue specific expres- 

mRNA region, provided that a suitable translation initiation 60 sion enables a therapeutic alphavirus vector or particle to be 

signal resides at the 5' end of the translational AUG start delivered systemically into a patient. If the vector should 

codoD. The number of heterologous gene(s) which can be infect a cell which does not express the appropriate RNA 

inserted into the subgenomic mRNA region, as described species, the vector will only be capable of expressing 

here, is limited only by the packaging constraints of the nonstructural proteins and not the gene of interest, 

vector. 65 Eventually, the vector will be harmlessly degraded. 

Different sequences which allow either ribosome Use of the above-described vectors enables virtual tissue- 

readthrough, cap-independent translation, or internal ribo- specific expression possible for a variety of therapeutic 
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applications, including for example, targeting vectors for the tious virus on appropriate susceptible monolayers, is con- 
treatment for various types of cancers. This rationale relies sidered to be "production of viable virus." This may be, at 
on specific expression of tumor-specific markers such as the a minimum, an alphavirus vector construct which does not 
carcinoembryonic tumor specific antigen (CEA) and the contain any additional heterologous sequence. However, 
alpba-fetoprotein tumor marker. Briefly, utilizing such 5 within other embodiments, the vector construct may contain 
tumor-specific RNA to target specific tumors allows for the additional heterologous or foreign sequences. Within pre- 
tumor-specific expression of toxic molecules, lymphokines ferred embodiments, the heterologous sequence will com- 
or pro-drugs discussed below. Such methods may be utilized prise a heterologous sequence of at least about 100 bases, 2 
for a wide variety of tumors, including for example, kb, 3.5 kb, 5 kb, 7 kb, or even a heterologous sequence of 
colorectal, lung, breast, ovary, bladder and prostate cancers 10 at least about 8 kb. 

because all these tumors express the CEA. One representa- As will be evident to one of ordinary skill in the art given 

tive illustration of vectors suitable for use within this aspect the disclosure provided herein, the efficiency of packaging 

of the present invention is set forth in more detail below in and hence, viral titer, is to some degree dependent upon the 

Example 16. size of the sequence to be packaged. Thus, in order to 

Briefly, CEA was one of the first tumor-specific markers is increase the efficiency of packaging and the production of 

to be described, along with the alpha-fetoprotein tumor viable virus, additional non-coding sequences may be added 

marker. CEA is a normal glycoprotein in the embryonic to the vector construct. Moreover, within certain embodi- 

tissue of the gut, pancreas and liver during the first two menLs of the invention it may be desired to increase or 

trimesters of fetal development {Pathologic Basis of decrease viral titer. This increase or decrease may be accom- 

Disease, 3rd edition 1984, Robbins et al. (eds.)). Previously, 20 plished by increasing or decreasing the size of the heterolo- 

CEA was believed to be specific for adenocarcinomas of the gous sequence, and hence the efficiency of packaging, 

colon, however, with the subsequent development of more A wide variety of heterologous sequences may be 

sensitive radioimmunoassays it became apparent that CEA included in the vector construct, including for example 

was presented in the plasma with many endodermally sequences which encode palliatives such as lymphokines, 

derived cancers, particularly pancreatic, gastric and bronco- 25 toxins, prodrugs, antigens which stimulate an immune 

genie. response, ribozymes, and proteins which assist or inhibit an 

Within related aspects of the present invention, alphavirus immune response, as well as antisense sequences (or sense 

cell-specific expression vectors may be constructed to sequences for "antisense applications"). As noted above, 

express viral antigens, ribozyme, antisense sequences or within various embodiments of the invention the alphavirus 

immunostimulatory factors such as gamma-interferon 30 vector constructs provided herein may contain (and express, 

(y-IFN), IL-2 or IL-5 for the targeted treatment of virus within certain embodiments) two or more heterologous 

infected cell types. In particular, in order to target alphavirus sequences, 

vectors to specific foreign organism or pathogen-infected 1. LYMPHOKINES 

cells, inverted repeats of the alphavirus vector may be Within one embodiment of the invention, the heterolo- 

selected to hybridize to any pathogen-specific RNA, for 35 gous sequence encodes a lymphokine. Briefly, lymphokines 

instance target cells infected by pathogens such as HIV, act to proliferate, activate, or differentiate immune effectors 

CMV, HBV, HPV and HSV. cells. Representative examples of lymphokines include 

Within yet other aspects of the invention, specific organ gamma interferon, tumor necrosis factor, IL-1, IL-2, IL-3, 
tissues may be targeted for the treatment of tissue-specific IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IU1, IL-12, 
metabolic diseases utilizing gene replacement therapies. For 40 IL-13, IL-14, IL-15, GM-CSF, CSF-1 and G-CSF. 
example, the liver is an important target tissue because it is Within related embodiments of the invention, the heter- 
responsible for many of the body's metabolic functions and ologous sequence encodes an immunomodulatory co factor, 
is associated with many metabolic genetic disorders. Such Briefly, as utilized within the context of the present 
diseases include many of the glycogen storage diseases, invention, "immunomodulatory cofactor** refers to factors 
phenylketonuria, Gaucher's disease and familial hypercho- 45 which, when manufactured by one or more of the cells 
lesterolemia. Presently there are many liver-specific involved in an immune response, or when added exog- 
enzymes and markers which have been sequenced which enously to the cells, causes the immune response to be 
may be used to engineer appropriate inverted repeats for different in quality or potency from that which would have 
alphavirus vectors. Such liver-specific cDNAs include occurred in the absence of the cofactor. The quality or 
sequences encoding for S-adenosylmethione synthetase 50 potency of a response may be measured by a variety of 
(Horikawa et al., Biochem. Int. 25:81, 1991); lecithin: cho- assays known to one of skill in the art including, for 
lesterolacyl transferase (Rogne et al., Biochem. Biophys. example, in vitro assays which measure cellular prolifera- 
tes. Common. 148:161, 1987); as well as other liver^specific tion (e.g., 3 H thymidine uptake), and in vitro cytotoxic 
cDNAs (Chin et al., Ann. NY. Acad. Sci. 478:120, 1986). assays (e.g., which measure 51 Cr release) (see Warner et al., 
Such a liver-specific alphavirus vector could be used to 55 AIDS Res. and Human Retroviruses 7:645-655, 1991). 
deliver the low density lipoprotein receptor (Yamamoto et Representative examples of immunomodulatory 
al., Cell 39:27, 1984) to liver cells for the treatment of co-factors include alpha interferon (Finter et al., Drugs 
familial hypercholesterolemia (Wilson et al., Mol Biol 42(5):749-765, 1991; U.S. Pat. No. 4,892,743; U.S. Pat. No. 
Med. 7:223, 1990). 4,966,843; WO 85/02862; Nagata et al., Nature 
E. HETEROLOGOUS SEQUENCES 60 284:316-320, 1980; Familletti et al., Methods in Enz. 

As noted above, a wide variety of nucleotide sequences 78:387-394, 1981; Twu et al., Proc. Natl Acad. Sci. USA 

may be carried by the alphavirus vector constructs of the 86:2046-2050, 1989; Faktor et al., Oncogene 5:867-872, 

present invention. Preferably, the nucleotide sequences 1990), beta interferon (Seif et al., J. Virol 65:664-671, 

should be of a size sufficient to allow production of viable 1991), gamma interferons (Radford et al., American Society 

virus. Within the context of the present invention, the 65 of Hepatology:2OO8~2015, 1991; Watanabe et al., PNAS 

production of any measurable titer, for example, by plaque 86:9456-9460, 1989; Gansbacher et al., Cancer Research 

assay, luciferase assay, or P-galactosidase assay, of infec- 50:7820-7825, 1990; Maio et al., Can Immunol Immu- 
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nother. 3034-42, 1989; VS. Pal. Nos. 4,762,791 and 4,727, 2. TOXINS 

138), G-CSF (U.S. Pat. Nos. 4,999,291 and 4,810,643), Within another embodiment of the invention, the heter- 
GM-CSF(WO85/04188),TNFs(Iayaramanetal.,7.//nmu- ologous sequence encodes a toxin. Briefly, toxins act to 
nology 144:942-951, 1990), Interleukin- 2 (IL-2) (Karupiah direcUy inhibit the growth of a cell. Representative 
et al., J. Immunology 144:290-298, 1990, Weber et ai.,J. s examples of toxins include ricin (Lamb et al, Eur. J. 
f&^~ A^"^ 1 ^ 1 ??? Gansbacheretal^. Exp. Biochem. 148:265-270, 1985), abrin (Wood et al., Eur. J. 
Med. 172:1217-1224 1990; U S. PaL No . 4,738,927), IL-4 Biochenu 198 :723-732, 1991; Evensen et al., J. of Biol. 
Clepper etalCW/ 57:503-512, 1989; Gohimbek et al., chenu 26 6:6848-6852, 1991; Collinset al.,J. of Biol. Chem. 
Saence 254:713-716 1991; U.S Pa NoJ ,017,691), 265:8665.8669, 1990 et ^ Fed ^ Biochem 
(Brakenbof et al., J. Immunol. 139:4116-4121, 1987; WO , n «. -,nn 11c 110 ,om\ -r u*u • . • . . i t 
90/06370), IL-12, IL-15 (Grabstein et al., Science 10 ^^t^ 0 ^^ 
264:965-968, 1994; Genbank-EMBL Accession No. ^^^^r^^c^^c^e 1 "! 
V03099), ICAM-1 (Altman et al, Nature 338:512-514, (Mekalanos et . 4 [ Nature 306:551-557, 1983; Sanchez and 
1989), ICAM-2, LFA-1, LFA-3, MHC class I molecules, Holmgren, PNAS 86:481^185, 1989), gelomn (Stirpe et al., 
MHC class II molecules, ^microglobulin, chaperones, CD3, J BioL chenL 255:6947-6953, 1980), pokeweed (Irvin, 
B7/BB1, MHC linked transporter proteins or analogues 15 Pharmac. Ther. 21:371-387, 1983), antiviral protein 
thereof. (Barbieri et al., Biochem. J. 203:55-59, 1982; Irvin et al., 
The choice of which immunomodulatory cofactor to Arch. Biochem. & Biophys. 200:418-425, 1980; irvin, ylrcA. 
include within a alphavirus vector construct may be based Biochem. &. Biophys. 169:522-528, 1975), tritin, Shigella 
upon known therapeutic effects of the cofactor, or expert- toxin (Calderwood et al., PNAS 84:4364—4368, 1987; Jack- 
mentally determined. For example, in chronic hepatitis B 20 son et al., Microb. Path. 2:147-153, 1987), Pseudomonas 
infections alpha interferon has been found to be efficacious exotoxin A (Carroll and Collier, J. Biol. Chem. 
in compensating a patient's immunological deficit and 262:8707-8711, 1987), herpes simplex virus thymidine 
thereby assisting recovery from the disease. Alternatively, a kinase (HSVTK) (Field et al., J. Gen. Virol 49:115-124, 
suitable immunomodulatory cofactor may be experimentally 1980), and E. coli , guanine phosphoribosyl transferase, 
determined. Briefly, blood samples are first taken from 25 3 PRO-DRUGS 

patientswith a hepatic disease. Peripheral blood lympho- Within other embodiments of the invention, the heterolo- 

cytes (PBI^) are restimulated in vitro with autologous or sequence encodes a "pro-drug". Briefly, as utilized 

HLA-ma chedcelk(e.g., EBV transformed cells) and hfcans- ^ tbe of the * nt ^ « ^ ~ refers 

duced with an alphavirus vector construct which directs the . , , 4 _f. t / 

expression of an ^monogenic portion of a hepatitis antigen „ *\ a f ene ^ctiv^ a compound with little or no 

and the immunomodulatory cofactor. Stimulated PBLs are 30 F?"*^^^^,™* * 

used as effectors in a CTL assay with the HLA-matched of P roduc ? * cl » de H f k VTK ( f d V* 1 ***."? 

transduced cells as targets. An increase in CTL response 85 ^ **m*Ukz f htK0 ^'. wh l ch ^«*™ly 

over that seen in the same assay performed using HLA- ™>™ph«ph°rylate certain punne arabinosides and substi- 

matched stimulator and target celk transduced with? vector . ^W™"*™ ~ m f ""^ «>^rtmg them to cytotoxic 

encoding the antigen alone, indicates a useful immuno- 35 ° r metabolites. More sr*crfcally, exposure of the 

modulatory cofactor. Within one embodiment of the ^r^^^TS^^ Z^ ^T^' 

invention, tbe immunomodulatory cofactor gamma inter- f^V' nAC ' D "? G ) l °" SVI1 f 

feron is particularly preferred. mto its correspondmg active nucleotide triphosphate form. 

Another example of an immunomodulatory cofactor is the ^TT^l exam P^ so / ? lher prOKlrugS which may be 

nT/nm ... c ^ „ . n A . . . r n 40 utilized within the context of the present invention include: 

B7/BB1 costimulatory factor. Briefly, activation of the full £ ^ guank]e phosphoribosyl transferase which converts 

functional activity of T cells requires two signals. One signal thioxanthine into toxic thioxanthine monophosphate 

is provided by interaction of the antigen-specific T cell (Besnard et al., Mol. Cell. Biol. 7:4139-^141, 1987); alka- 

receptor with peptides which are bound to major histocom- line phosphatase, which will convert inactive phosphory- 

patibility complex (MHC) molecules, and the second signal, 45 lated compounds such as mitomycin phosphate and 

referred to as costimulation, is delivered to the T cell by doxorubicin-phosphate to toxic dephosphorylated com- 

antigen-presenting cells. Briefly, the second signal is pounds; fungal (e.g., Fusarium oxysporum) or bacterial 

required for interleukin-2 (IL-2) production by T cells and cytosine deaminase, which will convert 5-fluorocytosine to 

appears to involve interaction of the B7/BB1 molecule on COmpouild 5-fluorouracil (Mullen, PNAS 89:33, 

antigen-presenting cells with CD28 and CTLA-4 receptors 50 1^ ^oxypepUdase G2, wluch will cleave the glutamic 

„ , u * /¥ * i , t w f* w j acic * f rom para-N-bis (2-chloroethyl) aminobenzoyl 

?° ,°nn y ( ,I n ' y * ' P ^ glutamicadd,me re bycreatmgatoxicben^ic 

173:721-730, 1991a, and/. Exp. Mea\, 174:561-570, 1991). ^ ^ mcillin _ V amidase, which will convert phenoxya^ 

VTithin one embodiment of the invention, B7/BB1 may be etabide derivatives of doxorubicin and melphalan to toxic 

introduced into tumor cells in order to cause costimulation 55 compounds (see generally, Vrudhula et al.,7. of Med. Chem. 

of CD8* T cells, such that the CD8 + T cells produce enough 36(7):919-923, 1993; Kern et al., Cane. Immun. Immu- 

\Lr2 to expand and become fully activated. These CDS* T nother. 31(4):202-206, 1990). 

cells can kill tumor cells that are not expressing B7 because 4 * ANTISENSE SEQUENCES 

costimulation is no longer required for further CTL function. Within another embodiment of the invention, the heter- 

Vectors that express both the costimulatory B7/BB1 factor 60 olo S ous * ^ antisense sequence. Briefly, anti- 

nnA r avn , ; , . m,.. . . sense sequences are designed to bind to RNA transcripts, 

and, for example, an immunogenic HBV core protein, may . . L u * n 1 *u • r ^- t 

. * ... . , ,7 , , _ * . ' ,/ and thereby prevent cellular synthesis of a particular protein 

be made utilizing methods which are described herein. Cells or prevenl ^ of mal rn A sequence by the cell. Represen- 

transduced with these vectors will become more effective ^Uve examples of such sequences include antisense thymi- 

antigen-presenting cells. The HBV core-specific CTL ^ dine kinase, antisense dihydrofolate reductase (Maher and 

response will be augmented from the fully activated CD8* Dolnick, Arch. Biochem. & Biophys. 253:214-220, 1987; 

T cell via the costimulatory ligand B7/BB1. Bzik et al., PNAS 84:8360-8364, 1987), antisense HER2 
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(Coussens et al., Science 230:1132-1139, 1985), antisense 
ABL (Fainstein et al., Oncogene 4:1477-1481, 1989), anti- 
sense Myc (Stanton et al., Nature 310:423-425, 1984) and 
antisense ras, as well as antisense sequences which block 
any of the enzymes in the nucleotide biosynthetic pathway. 5 
In addition, within other embodiments of the invention 
antisense sequences to interferon and 2 microglobulin may 
be utilized in order to decrease immune response. 

In addition, within a further embodiment of the invention, 
antisense RNA may be utilized as an anti-tumor agent in 10 
order to induce a potent Class I restricted response. Briefly, 
in addition to binding RNA and thereby preventing transla- 
tion of a specific mRNA, high levels of specific antisense 
sequences are believed to induce the increased expression of 
interferons (including gamma-interferon) due to the forma- is 
tion of large quantities of double-stranded RNA. The 
increased expression of gamma interferon, in turn, boosts 
the expression of MHC Class I antigens. Preferred antisense 
sequences for use in this regard include actin RNA, myosin 
RNA, and bistone RNA Antisense RNA which forms a 20 
mismatch with actin RNA is particularly preferred. 

5. RIBOZYMES 

Within other aspects of the present invention, alphavirus 
vectors are provided which produce ribozymes upon infec- 
tion of a host cell. Briefly, ribozymes are used to cleave 25 
specific RNAs and are designed such that it can only affect 
one specific RNA sequence. Generally, the substrate binding 
sequence of a ribozyme is between 10 and 20 nucleotides 
long. The length of this sequence is sufficient to allow a 
hybridization with target RNA and disassociation of the 30 
ribozyme from the cleaved RNA Representative examples 
for creating ribozymes include those described in U.S. Pat. 
Nos. 5,116,742; 5,225,337 and 5,246,921. Particularly pre- 
ferred ribozymes for use within the present invention 
include those disclosed in more detail below in the 35 
Examples (e.g., Examples 18 and 19). 

6. PROTEINS AND OTHER CELLULAR CONSTITU- 
ENTS 

Within other aspects of the present invention, a wide 
variety of proteins or other cellular constituents may be 40 
carried by the alphavirus vector construct Representative 
examples of such proteins include native or altered cellular 
components, as well as foreign proteins or cellular 
constituents, found in for example, viruses, bacteria, para- 
sites or fungus. 45 

(a) Altered Cellular Components 

Within one embodiment, alphavirus vector constructs are 
provided which direct the expression of an immunogenic, 
non-tumorigenic, altered cellular component As utilized 
herein, the term "immunogenic" refers to altered cellular 50 
components which are capable, under the appropriate 
conditions, of causing an immune response. This response 
must be cell-mediated, and may also include a humoral 
response. The term "non-tumorigenic" refers to altered 
cellular components which will not cause cellular transfer- 55 
mation or induce tumor formation in nude mice. The phrase 
"altered cellular component" refers to proteins and other 
cellular constituents which are either associated with ren- 
dering a cell tumorigenic, or are associated with tumorigenic 
cells in general, but are not required or essential for render- 60 
ing the cell tumorigenic. 

Before alteration, the cellular components may be essen- 
tial to normal cell growth and regulation and include, for 
example, proteins which regulate intracellular protein 
degradation, transcriptional regulation, cell-cycle control, 65 
and cell-cell interaction. After alteration, the cellular com- 
ponents no longer perform their regulatory functions and, 
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hence, the cell may experience uncontrolled growth. Rep- 
resentative examples of altered cellular components include 
ras*, p53*, Rb*, altered protein encoded by the Wilms' 
tumor gene, ubiquitin*, mucin*, protein encoded by the 
DCC, APC, and MCC genes, the breast cancer gene 
BRCA1*, as well as receptors or receptor-like structures 
such as neu, thyroid hormone receptor, platelet derived 
growth factor (PDGF) receptor, insulin receptor, epidermal 
growth factor (EGF) receptor, and the colony stimulating 
factor (CSF) receptor. 

Within one embodiment of the present invention, alphavi- 
rus vector constructs are provided which direct the expres- 
sion of a non-tumorigenic, altered ras (ras*) gene. Briefly, 
the ras* gene is an attractive target because it is causally 
linked to the neoplastic phenotype, and indeed may be 
necessary for the induction and maintenance of tumorigen- 
esis in a wide variety of distinct cancers, such as pancreatic 
carcinoma, colon carcinoma and hing adenocarcinoma. In 
addition, ras* genes are found in pre-neoplastic tumors and, 
therefore, immune intervention therapy may be applied prior 
to detection of a malignant tumor. 

Normal ras genes are non-tumorigenic and ubiquitous in 
all mammals. They are highly conserved in evolution and 
appear to play an important role in maintenance of the cell 
cycle and normal growth properties. The normal ras protein 
is a G-protein which binds GTP and has GTPase activity, 
and is involved in transmitting signals from the external 
milieu to the inside of the cell, thereby allowing a cell to 
respond to its environment. Ras* genes on the other hand 
alter the normal growth regulation of neoplastic cells by 
uncoupling cellular behavior from the environment, thus 
leading to the uncontrolled proliferation of neoplastic cells. 
Mutation of the ras gene is believed to be an early event in 
carcinogenesis (Kumar et al., Science 248:1101-1104, 1990) 
which, if treated early, may prevent tumorigenesis. 

Ras* genes occur in a wide variety of cancers, including 
for example, pancreatic, colon, and lung adenocarcinomas. 
The spectrum of mutations occurring in the ras* genes found 
in a variety of cancers is quite limited. These mutations alter 
the GTPase activity of the ras protein by converting the 
normal on/off switch to a constitutive ON position. Tum- 
origenic mutations in ras* occur primarily (in vivo) in only 
3 codons: 12, 13 and 61. Codon 12 mutations are the most 
prevalent in both human and animal tumors. 

Table 1 below summarizes known in vivo mutations 
(codons 12, 13 and 61) which activate human ras, as well as 
potential mutations which have in vitro transforming activ- 
ity. Potential mutations with in vitro transforming activity 
were produced by the systematic substitution of amino acids 
for the normal codon (e.g., other amino acids were substi- 
tuted for the normal glycine at position 12). In vitro 
mutations, while not presently known to occur in humans or 
animals, may serve as the basis for an anti-cancer immuno- 
therapeutic if they are eventually found to arise in vivo. 

TABLE 1 
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87:7555-7559, 1990; Menon et al., Prvc. Natl. Acad. Sci. 
TABLE 1-contimied USA 87:5435-5439, 1990; Mulligan et al., Proc. NalL Acad. 

Sci. USA 87:5863-5867, 1990; and Romano et al., Onco- 

amino acid sUBSr^o^TOATACnvATE human gene 4 . 148 j_ 1488f 1990 (identification of a P 53 mutation at 

" codon 156 in human osteosarcoma derived cell line HOS- 
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Certain alterations of the p53 gene may be due to certain 
specific toxins. For example, Bressac et al. (Nature 
350:429-431, 1991) describes specific G to T mutations in 
10 codon 249 in patients affected with hepatocellular carci- 
noma. One suggested causative agent of this mutation is 
aflatoxin B ly a liver carcinogen which is known to be a food 
contaminant in Africa, 

Four regions of the gene that are particularly affected 
15 occur at residues 132-145, 171-179, 239-248, and 
272-286. Three "hot spots" which are found within these 
regions that are of particular interest occur at residues 175, 
248 and 273 (Levine et al., Nature 351:453-456, 1991). 
These alterations, as well as others which are described 
20 above, result in the production of protein(s) which contain 
Alterations as described above result in the production of novel coding sequences). The novel proteins encoded by 
proteins containing novel coding sequence(s). The novel these sequences may be used as a marker of turn oogenic 
proteins encoded by these sequence(s) may be used as a cells and an immune response directed against these novel 
marker of tumorigenic cells, and an immune response coding regions may be utilized to destroy tumorigenic cells 
directed against these novel coding regions may be utilized 25 containing the altered sequence (p53*). 
to destroy tumorigenic cells containing the altered sequences Once a sequence encoding the altered cellular component 
(ras*). has been obtained, it is necessary to ensure that the sequence 

Within another embodiment of the present invention, encodes a non-tumorigenic protein. Various assays which 
alphavirus vector constructs are provided which direct the assess the tumorigenicity of a particular cellular component 
expression of an altered p53 (p53*) gene. Briefly, p53 is a 30 are known and may easily be accomplished. Representative 
nuclear phosphoprotein which was originally discovered in assays include a rat fibroblast assay, tumor formation in nude 
extracts of transformed cells and thus was initially classified mice or rats, colony formation in soft agar, and preparation 
as an oncogene (Linzer and Levine, Cell 17:43-52, 1979; of transgenic animals, such as transgenic mice. 
Lane and Crawford, Nature 278:261-263, 1979). It was later Tumor formation in nude mice or rats is a particularly 
discovered that the original p53 cDNA clones were mutant 35 important and sensitive method for determining the tumori- 
forms of p53 (Hinds et al., J. Virol 63:739-746, 1989). It genicity of a particular cellular component. Nude mice lack 
now appears that p53 is a tumor suppressor gene which a functional cellular immune system (i.e., do not possess 
negatively regulates the cell cycle, and thai mutation of this CTLs), and therefore provide a useful in vivo model in 
gene may lead to tumor formation. Of colon carcinomas that which to test the tumorigenic potential of cells. Normal 
have been studied, 75%-80% show a loss of both p53 40 non-tumorigenic cells do not display uncontrolled growth 
alleles, one through deletion and the other through point properties if infected into nude mice. However, transformed 
mutation. Similar mutations are found in lung cancer, and in cells will rapidly proliferate and generate tumors in nude 
brain and breast tumors. mice. Briefly, in one embodiment the alphavirus vector 

The majority of p53 mutations (e.g., D53* 1 , p53* 2 , etc.) construct is administered to syngeneic murine cells, fol- 
are clustered between amino acid residues 130 to 290 (see 45 lowed by injection into nude mice. The mice are visually 
Levine et al., Nature 351:453-456, 1991; see also the examined for a period of 2 to 8 weeks after injection in order 
following references which describe specific mutations in to determine tumor growth. The mice may also be sacrificed 
more detail: Baker et al., Science 244:217-221, 1989; Nigra and autopsied in order to determine whether tumors are 
et al., Nature 342:705-708, 1989 (p53 mutations cluster at present. (Giovanella et al., J. Natl. Cancer Inst. 
four "hot spots" which coincide with the four highly con- 50 48:1531-1533, 1972; Furesz et al., Abnormal Cells, New 
served regions of the genes and these mutations are observed Products and Risk, Hopps and Petricciani (eds.), Tissue 
in human brain, breast, rung and colon tumors); \fcgelstein, Culture Association, 1985; and Levenbook et al., J. Biol 
Nature 348:681-682, 1990; Takahashi et al., Science Std 13:135-141, 1985.) 

246:491-494, 1989; Iggo et al., Lancet 335:675-679, 1990; IVmorigenicity may also be assessed by visualizing 
James et al., Proc Natl Acad. ScL USA 86:2858-2862, 55 colony formation in soft agar (Macpherson and Montagnier, 
1989; Mackayetal., Lancet 11:1384-1385,1988; Kelmanet Vir. 23:291-294, 1964). Briefly, one property of normal 
al., Blood 74:2318-2324, 1989; Malkin et al., Science non-tumorigenic cells is "contact inhibition" (i.e., cells will 
250:1233-1238, 1990; Baker et al., Cancer Res. stop proliferating when they touch neighboring cells). If 
50:7717-7722, 1991; Chiba et al., Oncogene 5:1603-1610, cells are plated in a semi-solid agar support medium, normal 
1990 (pathogenesis of early stage non-small cell rung cancer 60 cells rapidly become contact inhibited and stop proliferating, 
is associated with somatic mutations in the p53 gene whereas tumorigenic cells will continue to proliferate and 
between codons 132 to 283); Prosser et al., Oncogene form colonies in soft agar. 

5:1573-1579, 1990 (mutations in the p53 gene coding for Transgenic animals, such as transgenic mice, may also be 
amino acids 126 through 224 were identified in primary utilized to assess the tumorigenicity of an altered cellular 
breast cancer); Cheng and Hass, Mol. Cell Biol. 65 component. (Stewart et al., Cell 38:627-637, 1984; Quaife 
10:5502-5509, 1990; Bartek et al., Oncogene 5:893-899, et al., Cell 48: 1023-1034, 1987; and Koike et Proc. Natl. 
1990; Rodrigues et al., Proc. Natl. Acad. Sci. USA Acad. Sci USA 86:5615-5619, 1989.) In transgenic animals, 
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the gene of interest may be expressed in all tissues of the be co-expressed in order to form a general anti-cancer 

animal. This dysregulated expression of the transgene may therapeutic. Generally, it will be evident to one of ordinary 

serve as a model for the tumorigenic potential of the newly skill in the art that a variety of combinations can be made, 

introduced gene. Within preferred embodiments, this therapeutic may be 

If the altered cellular component is associated with mak- 5 targeted to a particular type of cancer. For example, nearly 

ing the cell tumorigenic, then it is necessary to make the °° lon cancers possess mutations in ras, p53, DCC APC 

altered cellular component non-tumorigenic. For example, or MCC genes. An alphavirus vector construct which 

within one embodiment the sequence or gene of interest co-expresses a number of these altered cellular components 

which encodes the altered cellular component is truncated in mav ^ administered to a patient with colon cancer in order 

order to render the gene product non-tumorigenic. The gene 10 f° tre *f al ! P 055 ^ mutatioDS - ™* methodology may also 

encoding the altered cellular component may be truncated to ** u f*? ^ treat other cancers. Thus, an dphavma ^ vector 

. . & c - i*l » *. - £ « * . . • , construct which co-expresses mucin*, ras*, neu, BRCA1* 

a variety of sizes, although it is preferable to retain as much . M * u j * . * i_ * 

... - ' . it i . i . and p53* may be utilized to treat breast cancer, 
as possible of the altered cellular component. In addition, it ^ ^ ^ from foreign organisms or other pathogens 
is necessary that any truncation leave intact at least some of within other aspects of the present invention, alphavirus 
the immunogenic sequences of the altered cellular compo- is vector constructs are provided which direct the expression of 
nent. Alternatively, multiple translational termination immunogenic portions of antigens from foreign organisms 
codons may be introduced downstream of the immunogenic 0 r other pathogens. Representative examples of such anti- 
region. Insertion of termination codons will prematurely gens include bacterial antigens (e.g., E. coli, streptococcal, 
terminate protein expression, thus preventing expression of staphylococcal, mycobacterial, etc.), fungal antigens, para- 
the transforming portion of the protein. 20 sitic antigens, and viral antigens (e.g., influenza virus, 

Within one embodiment, the ras* gene is truncated in Human Immmunodeficiency Virus ("HIV), Hepatitis A, B 

order to render the ras* protein non-tumorigenic. Briefly, the and C Virus ("HAV", "HBV* and "HCV", respectively), 

carboxy-terminal amino acids of ras* functionally allow the Human Papiloma Virus ("HPV"), Epstein-Barr Virus 

protein to attach to the cell membrane. Truncation of these ("EBV"), Herpes Simplex Virus ( W HSV"), Hantavirus, 

sequences renders the altered cellular component non- 25 TTLV ] > HTLV n and Cytomegalovirus ( U CM\T). As uti- 

tumorigenic. Preferably, the ras* gene is truncated in the uzed within the context of the present invention, "immuno- 

purine ring binding site, for example around the sequence S enic Portion" refers to a portion of the respective antigen 

which encodes amino acid number 110. The ras* gene wmch is capable, under the appropriate conditions, of caus- 

sequence may be truncated such that as little as about 20 jf£ an im „ mune /^P° nse (j e >. ceU-mediated or humoral), 

amino acids (including the altered amino acid(s)) are 30 n PortlODS ^y be of variable size, bul tare preferably at least 

encoded by the alphavirus vector construct, although 9 ammo acids long, and may include .the entire .antigen. 

r , , r . , mi. 1,1 Cell-mediated immune responses may be mediated through 

preferably as many amino acids as possible should be Major Histocompatability Complex ("MHC") class I 

expressed (while maintaimng non-tumongemcity). presentation, MHC Class 0 presentation, or both. 

Within another embodiment, the p53* protein is modified Within one aspect of the invention, alphavirus vector 

by truncation in order to render the cellular component 35 constructs are provided which direct the expression of 

non-tumorigenic. As noted above, not all mutations of the immunogenic portions of Hepatitis B antigens. Briefly, the 

p53 protein are tumorigenic, and therefore, not all mutations Hepatitis B genome is comprised of circular DNA of about 

would have to be truncated Nevertheless, within a preferred 3.2 kilobases in length and has been well characterized 

embodiment, p53* is truncated to a sequence which encodes (Tiollais et al., Science 213:406-411, 1981; Tiollais et al., 

amino acids 100 to 300, thereby including all four major 40 Nature 317:489^*95, 1985; and Ganem and Varmus, Ann. 

"hot spots." Rev. Biochenu 56:651-693, 1987; see also EP 0 278,940, EP 

Other altered cellular components which are oncogenic 0 241,021, WO 88/10301, and U.S. Pat. Nos, 4,696,898 and 

may also be truncated in order to render them non- 5,024,938, which are hereby incorporated by reference). The 

tumorigenic. For example, both neu and bcr/abl may be Hepatitis B vims presents several different antigens, incfud- 

truncated in order to render them non-tumorigenic. Non- 45 ing among others, three HB "S" antigens (HBsAgs), an HBc 

tumorigenicity may be confirmed by assaying the truncated antigen (HBcAg), an HBe antigen (HBeAg), and an HBx 

altered cellular component as described above. antigen (HBxAg) (see Blum et al., TIG 5(5): 154-158, 

It should be noted, however, that if the altered cellular 1989). Briefly, the HBeAg results from proteolytic cleavage 

component is only associated with non-tumorigenic cells in of a P22 pre -co re intermediate and is secreted from the cell, 

general, and is not required or essential for making the cell 50 HBeAg is found in serum as a 17 kD protein. The HBcAg 

tumorigenic, then it is not necessary to render the cellular is a protein of 183 amino acids, and the HBxAg is a protein 

component non-tumorigenic. Representative examples of of 145 to 154 amino acids, depending on subtype, 

such altered cellular components which are not tumorigenic The HBsAgs (designated "large," "middle" and "small") 

include Rb*, ubiquitin*, and mucin*. are encoded by three regions of the Hepatitis B genome: S, 

As noted above, in order to generate an appropriate 55 pre-S2 and pre-Sl. The large protein, which has a length 

immune response, the altered cellular component must also varying from 389 to 400 amino acids, is encoded by pre -SI, 

be immunogenic. Immunogenicity of a particular sequence pre-S2, and S regions, and is found in glycosylated and 

is often difficult to predict, although T cell epitopes often non-glycosylated forms. The middle protein is 281 amino 

possess an immunogenic amphipathic alpha-helix compo- acids long and is encoded by the pre-S2 and S regions. The 

nent. In general, however, it is preferable to determine 60 small protein is 226 amino acids long and is encoded by the 

immunogenicity in an assay. Representative assays include S region. It exists in two forms, glycosylated (GP 2T) and 

an ELISA, which detects the presence of antibodies against non-glycosylated (P24*). If each of these regions are 

the newly introduced vector, as well as assays which test for expressed separately, the pre-Sl region will code for a 

T helper cells such as gamma-interferon assays, IL-2 pro- protein of approximately 119 amino acids, the pre-S2 region 

duction assays, and proliferation assays. 65 will code for a protein of approximately 55 amino acids, and 

As noted above, within another aspect of the present the S region will code for a protein of approximately 226 

invention, several different altered cellular components may amino acids. 
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As will be evident to one of ordinary skill in the art, of antibodies against the newly introduced vector, as well as 
various immunogenic portions of the above-described S assays which test for T helper cells, such as gamma- 
antigens may be combined in order to induce an immune interferon assays, IL-2 production assays and proliferation 
response when administered by one of the alphavirus vector assays. 

constructs described herein. In addition, due to the large 5 Immunogenic portions may also be selected by other 

immunological variability that is found in different geo- methods. For example, the HLAA2.1 transgenic mouse has 

graphic regions for the S open reading frame of HBV, been shown to be useful as a model for human T-cell 
particular combinations of antigens may be preferred for recognition of viral antigens. Briefly, in the influenza and 

administration in particular geographic regions. Briefly, hepatitis B viral systems, the murine T cell receptor reper- 

epitopes that are found in all human hepatitis B virus S 10 toire recognizes the same antigenic determinants recognized 

samples are defined as determinant "a". Mutually exclusive by human T cells. In both systems, the CTL response 

subtype determinants, however, have also been identified by generated in the HLA A2.1 transgenic mouse is directed 

two-dimensional double immunodiffusion (Ouchterlony, toward virtually the same epitope as those recognized by 

Progr. Allergy 5:1, 1958). These determinants have been human CTLs of the HLAA2.1 haplotype (Vitiello et al., J. 

designated "d" or "y" and "w" or "f (LeBouvier, J. Infect, is Exp. Med. 173:1007-1015, 1991; Vitiello et al., Abstract of 

123:671, 1971; Bancroft et al.,7. Immunol 109:842, 1972; Molecular Biology of Hepatitis B Virus Symposia, 1992). 

and Courouce et al., Bibl. Haematol 42:1-158, 1976). The Particularly preferred immunogenic portions for incorpo- 

immunological variability is due to single nucleotide sub- ration into alphavirus vector constructs include HBeAg, 

stitutions in two areas of the hepatitis B virus S open reading HBcAg and HBsAgs, as described in greater detail below in 

frame, resulting in the following amino acid changes: (1) 20 Example 13. 

exchange of lysine-122 to arginine in the Hepatitis B virus Additional immunogenic portions of the hepatitis B virus 

S open reading frame causes a subtype shift from d to y, and may be obtained by truncating the coding sequence at 

(2) exchange of arginine- 160 to lysine causes the shift from various locations including, for example, the following sites: 

subtype r to w. In Africans, subtype ayw is predominant, Bst UI, Ssp I, Ppu Ml, and Msp I (Valenzuela et al., Nature 

whereas in the U.S. and northern Europe the subtype adw 2 25 280:815-19, 1979; Valenzuela etaL, Animal Virus Genetics: 

is more abundant (Molecular Biology of the Hepatitis B ICN/UCIA Symp. Mol Cell Biol, 1980, B. N. Fields and R. 

Virus, McLachlan (ed.), CRC Press, 1991). As will be Jaenisch (eds.), pp. 57-70, New York: Academic). Further 

evident to one of ordinary skill in the art, it is generally methods for determining suitable immunogenic portions as 

preferred to construct a vector for administration which is well as methods are also described below in the context of 

appropriate to the particular hepatitis B virus subtype which 30 hepatitis C. 

is prevalent in the geographical region of administration. As noted above, more than one immunogenic portion may 

Subtypes of a particular region may be determined by be incorporated into the alphavirus vector construct For 

two-dimensional double immunodiffusion or, preferably, by example, an alphavirus vector construct may express (either 

sequencing the S open reading frame of HBV virus isolated separately or as one construct) all or immunogenic portions 

from individuals within that region. 35 of HBcAg, HBeAg, HBsAgs, HBxAg, as well as immuno- 

Also presented by HBV are pol ("HBV pol"), ORF 5, and genie portions of HCV antigens. 
ORF 6 antigens. Briefly, the polymerase open reading frame 7. SOURCES FOR HETEROLOGOUS SEQUENCES 
of HBV encodes reverse transcriptase activity found in Sequences which encode the above-described proteins 
virions and core-like particles in infected livers. The poly- may be readily obtained from a variety of sources, including 
merase protein consists of at least two domains: the amino 40 for example, depositories such as the American Type Culture 
terminal domain which encodes the protein that primes Collection (ATCC, Rockville, Md.), or from commercial 
reverse transcription, and the carboxyl terminal domain sources such as British Bio-Technology Limited (Cowley, 
which encodes reverse transcriptase and RNase H activity. Oxford, England). Representative examples include BBG 12 
Immunogenic portions of HBV pol may be determined (containing the GM-CSF gene coding for the mature protein 
utilizing methods described herein (e.g., below and in 45 of 127 amino acids); BBG 6 (which contains sequences 
Example 13), utilizing alphavirus vector constructs encoding gamma interferon), ATCC No. 39656 (which con- 
described below, and administered in order to generate an tains sequences encoding TNF), ATCC No. 20663 (which 
immune response within a warm-blooded animal. Similarly, contain sequences encoding alpha interferon), ATCC Nos. 
other HBV antigens, such as ORF 5 and ORF 6 (Miller et al., 31902, 31902 and 39517 (which contains sequences encod- 
Hepatology 9:322-327, 1989) may be expressed utilizing 50 ing beta interferon), ATCC No 67024 (which contain a 
alphavirus vector constructs as described herein. Represen- sequence which encodes Interleukin-lb); ATCC Nos. 39405, 
tative examples of alphavirus vector constructs utilizing 39452, 39516, 39626 and 39673 (which contains sequences 
ORF 5 and ORF 6 are set forth below in the examples. encoding InterIeukin-2); ATCC Nos. 59399, 59398, and 

As noted above, at least one immunogenic portion of a 67326 (which contain sequences encoding Interleukin-3); 
hepatitis B antigen is incorporated into an alphavirus vector 55 ATCC No. 57592 (which contains sequences encoding 
construct The immunogenic portion(s) which are incorpo- Interleukin-4), ATCC Nos. 59394 and 59395 (which contain 
rated into the alphavirus vector construct may be of varying sequences encoding Interleukin-5), and ATCC No. 67153 
length, although it is generally preferred that the portions be (which contains sequences encoding Interleukin-6). 
at least 9 amino acids long and may include the entire Sequences which encode altered cellular components as 
antigen. Immunogenicity of a particular sequence is often 60 described above may be readily obtained from a variety of 
difficult to predict, although T cell epitopes may be predicted sources. For example, plasmids which contain sequences 
utilizing computer algorithms such as TSITES that encode altered cellular products may be obtained from 
(Medlmmune, Maryland), in order to scan coding regions a depository such as the American Type Culture Collection 
for potential T-helper sites and CTL sites. From this analysis, (ATCC, Rockville, Md.), or from commercial sources such 
peptides are synthesized and used as targets in an in vitro 65 as Advanced Biotechnologies (Columbia, Md.). Represen- 
cytotoxic assay. Other assays, however, may also be utilized, tative examples of plasmids containing some of the above- 
including, for example, ELISA, which detects the presence described sequences include ATCC No. 41000 (containing a 
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G to T mutation in the 12th codon of ras), and ATCC No. eukaryotic layered vector initiation systems are provided 

41049 (containing a G to A mutation in the 12th codon). comprising a promoter which is capable of initiating the 5' 

Alternatively, plasmids which encode normal cellular synthesis of RNA from cDNA, a construct which is capable 

components may also be obtained from depositories such as of autonomous replication in a cell, the construct also being 

the ATCC (see, for example, ATCC No. 41001, which 5 capable of expressing a heterologous nucleic acid sequence, 

contains a sequence which encodes the normal ras protein; and a 3' sequence which controls transcription termination. 

ATCC No. 57103, which encodes abl; and ATCC Nos. Briefly, such eukaryotic layered vector initiation systems 

59120 or 59121, which encode the bcr locus) and mutated to provide a two-stage or "layered" mechanism which controls 

form the altered cellular component. Methods for expression of heterologous nucleotide sequences. The first 

mutagenizing particular sites may readily be accomplished 10 layer initiates transcription of the second layer, and com- 

using methods known in the art (see Sambrook et al., supra., prises a promoter which is capable of initiating the 5' 

153 et seq.). In particular, point mutations of normal cellular synthesis of RNA from cDNA (e.g., a 5' promoter), a 3' 

components such as ras may readily be accomplished by transcription termination site, as well as one or more splice 

site-directed mutagenesis of the particular codon, for sites and/or a polyadenylation site, if desired. Representative 

example, codons 12, 13 or 61. 15 promoters suitable for use within the present invention 

Sequences which encode the above -described viral anti- include both eukaryotic (e.g., pol I, n, or III) and prokaryotic 

gens may likewise be obtained from a variety of sources. For promoters, and inducible or non-inducible (i.e., constitutive) 

example, molecularly cloned genomes which encode the promoters, such as, for example, Murine Leukemia virus 

hepatitis B virus may be obtained from sources such as the promoters (e.g., MoMLV), metallothionein promoters, the 

American Type Culture Collection (ATCC, Rockville, Md.). 20 glucocorticoid promoter, Drosophila actin 5C distal 

For example, ATCC No. 45020 contains the total genomic promoter, SV 40 promoter, heat shock protein 65 promoter, 

DNA of hepatitis B (extracted from purified Dane particles) heat shock protein 70 promoter, immunoglobulin promoters, 

(see FIG. 3 of Blum et al., TIG 5(5): 154-158, 1989) in the Mouse polyoma virus promoter ("Py"), rous sarcoma virus 

Bam HI site of pBR322 (Moriarty et al., Proc. Natl Acad. ("RS V), BK virus and JC virus promoters, MMTV 

ScL USA 78:2606-2610, 1981). 25 promoter, alphavirus junction region, CMV promoter, Aden- 

Alternatively, cDNA sequences which encode the above- o virus VA1RNA, rRNA promoter, tRNA methionine 

described heterologous sequences may be obtained from promoter, CaMV 35S promoter, nopaline synthetase 

cells which express or contain the sequences. Briefly, within promoter, and the lac promoter. The second layer comprises 

one embodiment, mRNA from a cell which expresses the a vector construct which is capable of expressing one or 

gene of interest is reverse transcribed with reverse tran- 30 more heterologous nucleotide sequences and of replication 

scriptase using oligonucleotide dT or random primers. The in a cell, either autonomously or in response to one or more 

single stranded cDNA may then be amplified by PCR (see factors. Within one embodiment of the invention, the second 

U.S. Pat. Nos. 4,683,202; 4,683,195 and 4,800,159. See also layer construct may be an alphavirus vector construct as 

PCR Technology: Principles and Applications for DNA described above. 

Amplification, Erlich (ed.), Stockton Press, 1989) utilizing 35 A wide variety of vector systems may be utilized as the 

oligonucleotide primers complementary to sequences on first layer of the eukaryotic layered vector initiation system, 

either side of desired sequences. In particular, a double- including for example, viral vector constructs developed 

stranded DNA is denatured by heating in the presence of from DNA viruses such as those classified in the Poxviridae, 

heat stable Taq polymerase, sequence-specific DNA primers, including for example canary pox virus or vaccinia virus 

dATP, dCTP, dGTP and dTTP. Double-stranded DNA is 40 (e.g., Fisher-Hoch et al., iWAS 86:317-321, 1989; Flexner 

produced when synthesis is complete. This cycle may be et si, Ann. N.Y.Acad. ScL 569:86-103, 1989; Flexner et al., 

repeated many times, resulting in a factorial amplification of Vaccine 8: 17-21, 1990; U.S. Pat Nos. 4,603,112, 4,769,330 

the desired DNA. and 5,017,487; WO 89/01973); Papoviridae such as BKV, 

Sequences which encode the above-described proteins JCV or SV40 (e.g., Mulligan et al., Nature 277:108-114, 

may also be synthesized, for example, on an Applied Bio- 45 1979); Adenoviridae, such as adenovirus (e.g., Berkner, 

systems Inc. DNA synthesizer (e.g., APB DNA synthesizer Biotechniques 6:616-621, 1988; Rosenfeld et al., Science 

model 392 (Foster City, Calif.)). 252:431-434, 1991); Parvoviridae, such as adeno-associated 

F. EUKARYOTIC LAYERED VECTOR INITIATION virus (e.g., Samulski et al., J. Vir. 63:3822-3828, 1989; 

SYSTEMS Mendelson et al., Virol 166: 154-165, 1988; PA 7/222,684); 

Due to the size of a full-length genomic alphavirus cDNA 50 Herpesviridae, such as Herpes Simplex Virus (e.g., Kit, Adv. 

clone, in vitro transcription of full-length RNA molecules is Exp. Med. Biol. 215:219-236, 1989); and Hepadnaviridae 

rather inefficient. This results in a lowered transection (e.g., HBV), as well as certain RNA viruses which replicate 

efficiency, in terms of infectious centers of virus (as mea- through a DNA intermediate, such as the Retro viridae (see, 

sured by plaque formation), relative to the amount of in vitro e .g., U.S. Pat. No. 4,777,127, GB 2^00,651, EP 0,345,242 

transcribed RNA transfected. Such inefficiency is also rel- 55 and WO91/Q2805; Retroviridae include leukemia in viruses 

evant to the in vitro transcription of alphavirus expression such as MoMLV and immunodeficiency viruses such as 

vectors. Testing of candidate cDNA clones and other HIV, e.g., Poznansky, J. Virol 65:532-536, 1991). 

alphavirus cDNA expression vectors for their ability to Similarly, a wide variety of vector systems may be 

initiate an infectious cycle or to direct the expression of a utilized as second layer of the eukaryotic layered vector 

heterologous sequence would thus be greatly facilitated if a 60 initiation system, including for example, vector systems 

cDNA clone was transfected into susceptible cells as a DNA derived from viruses of the following families: Picornaviri- 

molecule, which then directed the synthesis of viral RNA in dae (e.g., poliovirus, rhinovirus, coxsackieviruses), 

vivo. Caliciviridae, Togaviridae (e.g. alphavirus, rubella), Fla- 

Therefore, within one aspect of the present invention viviridae (e.g., yellow fever), Cbronaviridae (e.g., HCV, 

DNA-based vectors (referred to as "Eukaryotic. Layered 65 TGEV, IBV, MHV, BCV), Bunyaviridae, Arenaviridae, Ret- 

Vector Initiation Systems") are provided which are capable roviridae (e.g., RSV, MoMLV, HTV, HTLV), hepatitis delta 

of directing the synthesis of viral RNA in vivo. In particular, virus and Astrovirus. In addition, non-mammalian RNA 



5,843,723 

33 34 

viruses (as well as components derived therefrom) may also Sci. USA 84:7413-7417, 1989), direct DNA injection 

be utilized, including for example, bacterial and bacterioph- (Acsadi et al., Nature 352:815-818, 1991); microprojectile 

age replicases, as well as components derived from plant bombardment (Williams et ah, PNAS 88:2726-2730, 1991); 

viruses, such as potexviruses (e.g., PVX), carlaviruses (e.g., liposomes of several types (see, e.g., Wang et al., PNAS 

PVM), tobraviruses (e.g., TRV, PEBV, PRV), Tobamovi- 5 84:7851-7855, 1987); CaP0 4 (Dubensky et al., PNAS 

ruses (e.g., TM V, ToMV, PPMV), luteovinises (e.g., PLRV), 81:7529-7533, 1984); DNA ligand (Wu et al, J. of Biol 

potyviruses (e.g., TEV, PPV, PVY), tombusviruses (e.g., Chenu 264:16985-16987, 1989); administration of nucleic 

CyRSV), nepoviruses (e.g., GFLV), bromovinises (e.g., acids alone (WO 90/11092); or administration of DNA 

BMV), and topamoviruses. linked to killed adenovirus (Curiel et al., Hum. Gene Ther. 

The replication competency of the autocatalytic vector 10 3:147-154, 1992); via polycation compounds such as 

construct, contained within the second layer of the eukary- polylysine, utilizing receptor specific ligands; as well as 

otic vector initiation system, may be measured by a variety with psoralen inactivated viruses such as Sendai or Aden- 

of assays known to one of skill in the art including, for ovirus. In addition, the eukaryotic layered vector initiation 

example, ribonuclease protection assays which measure systems may either be administered directly (i.e., in vivo), or 

increases in both positive-sense and negative-sense RNA 15 to cells which have been removed (ex vivo), and subse- 

over time, in transfected cells, in the presence of an inhibitor quently returned. 

of cellular RNA synthesis, such as dactinomycin, and assays Eukaryotic layered vector initiation systems may be 

which measure the synthesis of a subgenomic RNA or administered to a warm-blooded animal for any of the 

expression of a heterologous reporter gene in transfected therapeutic uses described herein, including for example, for 

cells. 20 the purpose of stimulating a specific immune response; 

Within particularly preferred embodiments of the inhibiting the interaction of an agent with a host cell 

invention, eukaryotic layered vector initiation systems are receptor; to express a toxic palliative, including for example, 

provided that comprise a 5' promoter which is capable of conditional toxic palliatives; to immunologically regulate 

initiating the synthesis of viral RNA from cDNA, followed the immune system; to express markers, and for replacement 

by a 5* sequence which is capable of initiating transcription 25 gene therapy. These and other uses are discussed in more 

of an alphavirus, a nucleotide sequence encoding alphavirus detail below. 

nonstructural proteins, a viral junction region which is either In another embodiment of this aspect of the invention, 

active or which has been inactivated such that viral tran- eukaryotic layered vector initiation systems can be utilized 

scription of the subgenomic fragment is prevented, an to direct the expression of one or more recombinant proteins 

alphavirus RNA polymerase recognition sequence, and a 3* 30 by eukaryotic cells. As used herein, a "recombinant protein" 

sequence which controls transcription termination. Within refers to a protein, polypeptide, enzyme, or fragment 

various embodiments, the viral junction region may be thereof. Using this approach, proteins having therapeutic or 

modified, such that viral transcription of the subgenomic other commercial application can be more cost-effectively 

fragment is merely reduced, rather than inactivated. Within produced. Furthermore, proteins produced in eukaryotic 

other embodiments, a second viral junction region may be 35 cells may be post-translationally modified (e.g., 

inserted following the first inactivated viral junction region, glycosylated, sulfated, acetylated, etc.), as compared to 

the second viral junction region being either active or proteins produced in prokaryotic cells. In addition, such 

modified such that viral transcription of the subgenomic systems may be employed in the in vivo production of 

fragment is reduced. various chemical compounds, e.g., fine or specialty chemi- 

Following transcription of an alphavirus cDNA vector 40 cals. 

construct, the resulting alphavirus RNA vector molecule is Within this embodiment, a eukaryotic layered vector 

comprised of a 5* sequence which is capable of initiating initiation system encoding the desired protein, enzyme, or 

transcription of an alphavirus, a nucleotide sequence encod- enzymatic pathway (as may be required for the production 

ing alphavirus nonstructural proteins, a viral junction region, of a desired chemical) is transformed, transfected, or other- 

a heterologous nucleotide sequence, an alphavirus RNA 45 wise introduced into a suitable eukaryotic cell line. Repre- 

polymerase recognition sequence, and a polyadenylate sentative examples of proteins which can be produced using 

sequence. such a system include, but are not limited to, insulin (see 

Various aspects of the alphavirus cDNA vector constructs U.S. Pat. No. 4,431,740 and BE 885196A), hemoglobin 

have been discussed above, including the 5' sequence which (Lawn et al. Cell 21:647-51, 1980), erythropoietin (EPO; 

is capable of initiating transcription of an alphavirus, the 50 see U.S. Pat. No. 4,703,008), megakaryocyte growth and 

nucleotide sequence encoding alphavirus nonstructural differentiation factor (MGDF), stem cell factor (SCF), 

proteins, the viral junction region, including junction regions G-CSF (Nagata et al. Nature 319:415-418, 1986), GM-CSF, 

which have been inactivated such that viral transcription of M-CSF (see WO 8706954), the flt3 ligand (Lyman, et al. 

the subgenomic fragment is prevented, and the alphavirus (1993), Cell, vol 75, pp. 1157-1167), EGF, acidic and basic 

RNA polymerase recognition sequence. In addition, modi- 55 FGF, PDGF, members of the interleukin or interferon 

fied junction regions and tandem junction regions have also families, supra, neurotropic factors (e.g., BDNF; Rosenthal 

been discussed above. et al Endocrinology 129:1289-1294, 1991, NT-3; see WO 

Within certain aspects of the present invention, methods 9103569, CNTF; see WO 9104316, NGF; see WO 

are provided for delivering a heterologous nucleotide 9310150), coagulation factors (e.g., factors VIII and IX), 

sequence to a warm-blooded animal, comprising the step of 60 thrombolytic factors such as t-PA (see EP 292009, AU 

administering a eukaryotic layered vector initiation system 8653302 and EP 174835) and streptokinase (see EP 

as described above, to a warm-blooded animal. Eukaryotic 407942), human growth hormone (see JP 94030582 and 

layered vector initiation systems may be administered to U.S. Pat No. 4,745,069) and other animal somatotropins, 

warm-blooded animals either directly (e.g., intravenously, and integrins and other cell adhesion molecules, such as 

intramuscularly, intraperitoneally, subcutaneously, orally, 65 ICAM-1 and ELAM. Genes encoding such recombinant 

rectally, intraocularly, intranasally), or by various physical proteins are among the heterologous nucleic acid sequences 

methods such as lipofection (Feigner eidl.,Proc. Natl Acad, of the invention. As those in the art will appreciate, once 
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characterized, any gene can be readily cloned into a eukary- packaging cell, can be produced initially utilizing, for 

otic layered vector initiation system according to the example, an SP6 RNA polymerase system to transcribe in 

invention, followed by introduction into a suitable host cell vitro a cONA vector clone encoding the gene of interest and 

and expression of the desired gene. the alphavirus nonstructural proteins (described previously). 

In a preferred embodiment of this and other aspects of the 5 Vector RNA transcripts are then transacted into the alphavi- 
invention, the eukaryotic layered vector initiation system is rus packaging cell line, such that the vector RNA replicates 
one derived from an alphavirus vector, such as a Sindbis to high levels, and is subsequently packaged by the viral 
vector construct, which has been adapted to replicate in one structural proteins, yielding infectious vector particles, 
or more cell lines from a particular eukaryotic species, Because of the extended length of the alphavirus cDNA 
especially a mammalian species, such as humans. For 10 molecule, the in vitro transcription process is inefficient, 
instance, if the gene encoding the recombinant protein to be Further, only a fraction of the cells contained in a monolayer 
expressed is of human origin and the protein is intended for are typically transfected by most procedures, 
human therapeutic use, production in a suitable human cell In an effort to optimize vector producing cell line perfor- 
line may be preferred in order that the protein be post- mance and titer, two successive cycles of gene transfer may 
translationally modified as would be expected to occur in 15 be performed. In particular, rather than directly transfecting 
humans. This approach may be useful in further enhancing alphavirus RNA vector molecules into the final producing 
recombinant protein production. Given the overall plasticity cell line, the vector may first be transfected into a primary 
of an alphaviral genome due to the infidelity of the viral alphavirus packaging cell line. The transfected primary 
replicase, variant strains with an enhanced ability to estab- packaging cell line releases infectious vector particles into 
lish high titer productive infection in selected eukaryotic 20 the culture supernatants and these vector-containing super- 
cells (e.g., human, murine, canine, feline, etc.) can be natants are subsequently used to transduce a fresh mono- 
isolated. Additionally, variant alphaviral strains having an layer of alphavirus packaging cells. Transduction into the 
enhanced ability to establish high titer persistent infection in final alphavirus vector producing cells is preferred over 
eukaryotic cells may also be isolated using this approach. transfection because of its higher RNA transfer efficiency 
Alphavirus expression vectors can then be constructed from 25 into cells and optimized biological placement of the vector 
cDNA clones of these variant strains according to proce- in the cell. This leads to higher expression and higher titer 
dures provided herein. of packaged infectious recombinant alphavirus vector. 

Within another preferred embodiment of this aspect of the Within certain embodiments of the invention, alphavirus 

invention, the eukaryotic layered vector initiation system vector particles may fail to transduce the same packaging 

comprises a promoter for initial alphaviral vector transcrip- 30 cell line because the cell line produces extracellular enve- 

tion that is transcriptionally active only in a differentiated lope proteins which block cellular receptors for alphavirus 

cell type. It is well established that alphaviral infection of vector particle attachment, a second type of alphavirus 

cells in culture, in particular those derived from hamster vector particle is generated which maintains the ability to 

(e.g., baby hampster kidney cells) or chicken (e.g., chicken transduce the alphavirus packaging cells. This second type 

embryo fibroblasts), may result in cytoxicity. Thus, to pro- 35 of viral particle is produced by a packaging cell line known 

duce a stably transformed or transfected host cell line, the as a "hopping cell line,** which produces transient vector 

eukaryotic layered vector initiation system is preferably particles as the result of being transfected with in vitro 

introduced into a host cell wherein the promoter which transcribed alphavirus RNA vector transcripts. Briefly, the 

enables the initial vector amplification is a transcriptionally hopping cell line is engineered to redirect the receptor 

inactive, but inducible, promoter. In a particularly preferred 40 tropism of the transiently produced vector particles by 

embodiment, such a promoter is differentiation state depen- providing alternative viral envelope proteins which redirect 

dent. In this configuration, activation of the promoter and alphavirus vectors to different cellular receptors, in a process 

subsequent activation of the alphavirus DNA vector coin- termed pseudotyping. Two primary approaches have been 

cides with induction of cell differentiation. Upon growth to devised for alphavirus vector particle pseudotyping. The 

a certain cell number of such a stably transformed or 45 first approach consists of an alphavirus packaging cell line 

transfected host cell line, the appropriate differentiation expressing the vesicular stomatitis virus G protein (VSV-G). 

stimulus is provided, thereby initiating transcription of the The second approach for producing a pseudotyped alphavi- 

vector construct and amplified expression of the desired rus vector particle is to use currently available retroviral 

gene and encoded polypeptide(s). Many such differentiation packaging cell lines containing retroviral gag/pol and env 

state-dependent promoters are known to those in the art, as 50 sequences which would be capable of packaging an alphavi- 

are cell lines which can be induced to differentiate by rus RNA vector containing a retroviral packaging sequence 

application of a specific stimulus. Representative examples (e.g., WO 92/05266). 

include cell lines F9 and P 19, HL60, and Freund erythro- Within other embodiments of the invention, a second 

leukemic cell lines and HEL, which are activated by retinoic approach has also been devised in which a stably integrated 

acid, horse serum, and DMSO, respectively. 55 DNA expression vector is used to produce the alphavirus 

G. ALPHAVIRUS PACKAGING CELL LINES vector RNA molecule, which, as in the first approach, 

Within further embodiments of the invention, alphavirus maintains the autocatalytic ability to self-replicate. This 

packaging cell lines are provided. In particular, within one approach allows for continued vector expression over 

aspect of the present invention, alphavirus packaging cell extended periods of culturing because the integrated DNA 

lines are provided wherein the viral structural proteins, 60 vector expression system is maintained through a drug 

supplied in trans from one or more stably integrated expres- selection marker and the DNA system will constitutively 

sion vectors, are able to encapsidate transfected, transduced, express unaltered RNA vectors which cannot be diluted out 

or intracellularly produced vector RNA transcripts in the by defective RNA copies. In this "alphavirus producer cell 

cytoplasm and release infectious packaged vector particles line" configuration, the DNA-based alphavirus vector is 

through the cell membrane, thus creating an alphavirus 65 introduced initially into the packaging cell line by 

vector producing cell line. Alphavirus RNA vector transfection, since size restrictions could prevent packaging 

molecules, capable of replicating in the cytoplasm of the of the expression vector into a viral vector particle for 
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transduction. Also, for this configuration, the SP6 RNA integrate into the host cell genome, (c) are not associated 

polymerase recognition site of the plasmid, previously used with any life threatening diseases, and (d) express high 

to transcribe vector RNA in vitro, is replaced with another levels of heterologous protein. Because of these differences, 

appropriate promoter sequence defined by the parent cell alphavirus vectors can easily be thought of as safe viral 

line used. In addition, this plasmid sequence also contains a 5 vectors which can be used on healthy individuals for vaccine 

selection marker different from that used to create the use - 

packagjng cell line ^ n ^ s ^P 60 * °f me invention has a further advantage over 

The expression of alphavirus proteins and/or vector RNA other ^emsthat might be expected to function in a similar 

above certain levels may result in cytotoxic effects in mann u er > m * at J* P^senter cells are fuUy viable and 

packaging cell lines. Therefore, within certain embodiments 10 h f althv > and low levek of ^^gens, relative to heter- 

* t t~^ . , - f 4 , i _ » . u ologous genes, are expressed. This presents a distinct advan- 

of the invention, it may be desirable for these e ements to be f sm * ^ J c cafl be b 

expressed only after the packagm^rohicer ceUs have been clonin * of J^^g^i of me gene for the 

propagated to a certain critical density. For this purpose, amigen into the recombinant alphavirus, leading to 

additional packaging or producer cell line modifications are resp0 nses against immunogenic epitopes which may other- 

made whereby the structural proteins necessary for packag- 15 be overshadowed by immunodominant epitopes. Such 

ing are synthesized only after induction by the RNA vector an approach may be extended to the expression of a peptide 

itself or some other stimulus. Also, other modifications having multiple epitopes, one or more of the epitopes being 

allow for the individual expression of these proteins under derived from different proteins. Further, this aspect of the 

the control of separate inducible elements, by utilizing invention allows efficient stimulation of cytotoxic T lym- 

expression vectors which unlink the genes encoding these 20 phocytes (CTL) directed against antigenic epitopes, and 

proteins. In addition, expression of the integrated vector peptide fragments of antigens encoded by sub-fragments of 

molecule itself, in some instances, is controlled by yet genes, through intracellular synthesis and association of 

another inducible system. This configuration results in a these peptide fragments with MHC Class I molecules. This 

cascade of events following induction, that ultimately leads approach may be utilized to map major immunodominant 

to the production of packaged vector particles. 25 epitopes for CTL induction. 

H. METHODS FOR UTILIZING ALPHAVIRUS VEC- An immune response may also be achieved by transfer- 
TORS ring to an appropriate immune cell (such as a T lymphocyte) 

I. IMMUNOSTIMULAXION the gene for the specific Tcell receptor which recognizes the 
Within other aspects of the present invention, composi- antigen of interest (in the context of an appropriate MHC 

tions and methods are provided for administering an 30 molecule if necessary), for an immunoglobulin which rec- 

alphavirus vector construct which is capable of preventing, ognizes the antigen of interest, or for a hybrid of the two 

inhibiting, stabilizing or reversing infectious, cancerous, which provides a CTL response in the absence of the MHC 

auto-immune or immune diseases. Representative examples context. Thus, the recombinant alphavirus infected cells may 

of such diseases include viral infections such as HIV, HBV be used as an immunostimulant, immunomodulator, or vac- 

HTLV I, HTLV II, CMV, EBV and HPV, melanomas, 35 cine. 

diabetes, graft vs. host disease, Alzheimer's disease and In another embodiment of the invention, methods are 
heart disease. provided for producing inhibitor palliatives wherein 
More specifically, within one aspect of the present alphavirus vectors deliver and express defective interfering 
invention, compositions and methods are provided for viral structural proteins, which inhibit viral assembly. Such 
stimulating an immune response (either humoral or cell- 40 vectors may encode defective gag, pel, env or other viral 
mediated) to a pathogenic agent, such that the pathogenic particle proteins or peptides and these would inhibit in a 
agent is either killed or inhibited. Representative examples dominant fashion the assembly of viral particles. This occurs 
of pathogenic agents include bacteria, fungi, parasites, because the interaction of normal subunits of the viral 
viruses and cancer cells. particle is disturbed by interaction with the defective sub- 
Within one embodiment of the invention the pathogenic 45 units, 
agent is a virus, and methods are provided for stimulating a In another embodiment of the invention, methods are 
specific immune response and inhibiting viral spread by provided for the expression of inhibiting peptides or proteins 
using recombinant alphavirus viral particles designed to specific for viral protease. Briefly, viral protease cleaves the 
deliver a vector construct that directs the expression of an viral gag and gag/pol proteins into a number of smaller 
antigen or modified form thereof to susceptible target cells 50 peptides. Failure of this cleavage in all cases leads to 
capable of either (1) initiating an immune response to the complete inhibition of production of infectious retroviral 
viral antigen or (2) preventing the viral spread by occupying particles. As an example, the HIV protease is known to be 
cellular receptors required for viral interactions. Expression an aspartyl protease and these are known to be inhibited by 
of the vector nucleic acid encoded protein may be transient peptides made from amino acids from protein or analogues, 
or stable with time. Where an immune response is to be 55 Vectors to inhibit HIV will express one or multiple fused 
stimulated to a pathogenic antigen, the recombinant alphavi- copies of such peptide inhibitors. 

rus is preferably designed to express a modified form of the Another embodiment involves the delivery of suppressor 

antigen which will stimulate an immune response and which genes which, when deleted, mutated, or not expressed in a 

has reduced pathogenicity relative to the native antigen. This cell type, lead to tumorigenesis in that cell type. Reintro- 

immune response is achieved when cells present antigens in 60 duction of the deleted gene by means of a viral vector leads 

the correct manner, i.e., in the context of the MHC class I to regression of the tumor phenotype in these cells, 

and/or II molecules along with accessory molecules such as Examples of such cancers are retinoblastoma and Wilms 

CD3, ICAM- 1, ICAM-2, LFA-1, or analogues thereof (e.g., Tumor. Since malignancy can be considered to be an inhi- 

Altmann et al., Nature 338:512, 1989). Cells infected with bition of cellular terminal differentiation compared with cell 

alphavirus vectors are expected to do this efficiently because 65 growth, the alphavirus vector delivery and expression of 

they closely mimic genuine viral infection and because they: gene products which lead to differentiation of a tumor should 

(a) are able to infect non-replicating cells, (b) do not also, in general, lead to regression. 
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In yet another embodiment, the alphavirus vector pro- agent present in the cells from one which would not nor- 
vides a therapeutic effect by transcribing a ribozyme (an mally inhibit a function of the pathogenic agent to one which 
RNA enzyme) (Haseloff and Gerlach, Nature 334:585, does. Examples of such functions for viral diseases include 
1989) which will cleave and hence inactivate RNA mol- adsorption, replication, gene expression, assembly, and exit 
ecules corresponding to a pathogenic function. Since 5 of the virus from infected cells. Examples of such functions 
ribozymes function by recognizing a specific sequence in the for a cancerous cell or cancer-promoting growth factor 
target RNA and this sequence is normally 12 to 17 bp, this include viability, cell replication, altered susceptibility to 
allows specific recognition of a particular RNA species such external signals (e.g., contact inhibition), and lack of pro- 
as a RNA or a retroviral genome. Additional specificity may duction or production of mutated forms of anti-oncogene 
be achieved in some cases by making this a conditional toxic 10 proteins, 
palliative (see below). (a) Inhibitor Palliatives 

One way of increasing the effectiveness of inhibitory In one aspect of the present invention, the alphavirus 

palliatives is to express viral inhibitory genes in conjunction vector construct directs the expression of a gene which can 

with the expression of genes which increase the probability interfere with a function of a pathogenic agent, for instance 

of infection of the resistant cell by the virus in question. The is in viral or malignant diseases. Such expression may either be 

result is a nonproductive "dead-end** event which would essentially continuous or in response to the presence in the 

compete for productive infection events. In the specific case cell of another agent associated either with the pathogenic 

of HIV, vectors may be delivered which inhibit HTV repli- condition or with a specific cell type (an "identifying 

cation (by expressing anti-sense tat, etc., as described above) agent**). In addition, vector delivery may be controlled by 

and also overexpress proteins required for infection, such as 20 targeting vector entry specifically to the desired cell type (for 

CD4. In this way, a relatively small number of vector- instance, a virally infected or malignant cell) as discussed 

infected HIV- resistant cells act as a "sink" or "magnet" for above. 

multiple nonproductive fusion events with free virus or One method of administration is leukophoresis, in which 

virally infected cells. about 20% of an individual's PBLs are removed at any one 

2. BLOCKING AGENTS 25 time and manipulated in vitro. Thus, approximately 2X10 9 
Many infectious diseases, cancers, autoimmune diseases, cells may be treated and replaced. Repeat treatments may 

and other diseases involve the interaction of viral particles also be performed. Alternatively, bone marrow may be 

with cells, cells with cells, or cells with factors. In viral treated and allowed to amplify the effect as described above, 

infections, viruses commonly enter cells via receptors on the In addition, packaging cell lines producing a vector may be 

surface of susceptible cells. In cancers, cells may respond 30 directly injected into a subject, allowing continuous produc- 

inappropriately or not at all to signals from other cells or tiorj of recombinant virions. 

factors. In autoimmune disease, there is inappropriate rec- In one embodiment, alphavirus vectors which express 

ognition of "self" markers. Within the present invention, RNA complementary to key pathogenic gene transcripts (for 

such interactions may be blocked by producing, in vivo, an example, a viral gene product or an activated cellular 

analogue to either of the partners in an interaction. 35 oncogene) can be used to inhibit translation of that transcript 

This blocking action may occur intracellularly, on the cell into protein, such as the inhibition of translation of the HIV 

membrane, or extracellularly. The blocking action of a viral tat protein. Since expression of this protein is essential for 

or, in particular, an alphavirus vector carrying a gene for a viral replication, cells containing the vector would be res is - 

blocking agent, can be mediated either from inside a sus- tant to HIV replication. 

ceptible cell or by secreting a version of the blocking protein 40 In a second embodiment, where the pathogenic agent is a 

to locally block the pathogenic interaction. single-stranded virus having a packaging signal, RNA 

In the case of HIV, the two agents of interaction are the gp complementary to the viral packaging signal (e.g., an HIV 

120/gp 41 envelope protein and the CD4 receptor molecule. packaging signal when the palliative is directed against 

Thus, an appropriate blocker would be a vector construct HTV) is expressed, so that the association of these molecules 

expressing either an HIV env analogue that blocks HIV 45 with the viral packaging signal will, in the case of 

entry without causing pathogenic effects, or a CD4 receptor retroviruses, inhibit stem loop formation or tRNA primer 

analogue. The CD4 analogue would be secreted and would binding required for proper encapsidation or replication of 

function to protect neighboring cells, while the gp 120/gp 41 the alphavirus RNA genome. 

is secreted or produced only intracellularly so as to protect In a third embodiment, an alphavirus vector may be 

only the vector-containing cell. It may be advantageous to 50 introduced which expresses a palliative capable of selec- 

add human immunoglobulin heavy chains or other compo- tivcly inhibiting the expression of a pathogenic gene, or a 

nents to CD4 in order to enhance stability or complement palliative capable of inhibiting the activity of a protein 

lysis. Delivery of an alphavirus vector encoding such a produced by the pathogenic agent. In the case of HIV, one 

hybrid-soluble CD4 to a host results in a continuous supply example is a mutant tat protein which lacks the ability to 

of a stable hybrid molecule. Efficacy of treatment can be 55 transactivate expression from the HIV LTR and interferes (in 

assayed by measuring the usual indicators of disease a transdominant manner) with the normal functioning of tat 

progression, including antibody level, viral antigen protein. Such a mutant has been identified for HTLV II tat 

production, infectious HIV levels, or levels of nonspecific protein ("XII Leu 5 " mutant; see Wachsman et al., Science 

infections. 235:674, 1987). A mutant transrepressor tat should inhibit 

3. EXPRESSION OF PALLIATIVES 60 replication much as has been shown for an analogous mutant 
Techniques similar to those described above can be used repressor in HSV-1 (Friedmann et al., Nature 335:452, 

to produce recombinant alphavirus vector constructs which 1988). 

direct the expression of an agent (or "palliative") which is Such a transcriptional repressor protein may be selected 

capable of inhibiting a function of a pathogenic agent or for in tissue culture using any viral-specific transcriptional 

gene. Within the present invention, "capable of inhibiting a 65 promoter whose expression is stimulated by a virus-specific 

function" means that the palliative either directly inhibits the transactivating protein (as described above). In the specific 

function or indirectly does so, for example, by converting an case of HIV, a cell line expressing HIV tat protein and the 
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HSVTK gene driven by the HIV promoter will die in the HSVTK, for example, in response to interferon production 

presence of ACV. However, if a series of mutated tat genes could result in the destruction of cells infected with a variety 

are introduced to the system, a mutant with the appropriate of different viruses. 

properties (i.e., represses transcription from the HIV pro- In another aspect of the present invention, the recombi- 
moter in the presence of wild-type tat) will grow and be 5 nant alphavirus viral vector carries a vector construct that 
selected. The mutant gene can then be reisolated from these directs the expression of a gene product capable of activat- 
cells. A cell line containing multiple copies of the condi- ing an otherwise inactive precursor into an active inhibitor 
tionally lethal vector/tat system may be used to assure that of the pathogenic agent. For example, the HSVTK gene 
surviving cell clones are not caused by endogenous muta- product may be used to more effectively metabolize poten- 
tions in these genes. A battery of randomly mutagenized tat 10 tially antiviral nucleoside analogues such as ACT or ddC. 
genes are then introduced into these cells using a "rescu- The HSVTK gene may be expressed under the control of a 
able" alphavirus vector (i.e., one that expresses the mutant cell-specific responsive vector and introduced into these cell 
tat protein and contains a bacterial origin of replication and types. AZT (and other nucleoside antivirals) must be 
drug resistance marker for growth and selection in bacteria). metabolized by cellular mechanisms to the nucleotide triph- 
This allows a large number of random mutations to be 15 osphate form in order to specifically inhibit retroviral 
evaluated and permits facile subsequent molecular cloning reverse transcriptase, and thus, HIV replication (Furmam et 
of the desired mutant cell fine. This procedure may be used al., Proc. Natl Acad. Sci. USA 83:8333-8337, 1986). Con- 
to identify and utilize mutations in a variety of viral tran- stitutive expression of HSVTK (a nucleoside and nucleoside 
scriptional activator/viral promoter systems for potential kinase with very broad substrate specificity) results in more 
antiviral therapies. 20 effective metabolism of these drugs to their biologically 
4. CONDITIONAL TOXIC PALLIATIVES active nucleotide triphosphate form. AZT or ddC therapy 

Another approach for inhibiting a pathogenic agent is to will thereby be more effective, allowing lower doses, less 

express a palliative which is toxic for the cell expressing the generalized toxicity, and higher potency against productive 

pathogenic condition. In this case, expression of the pallia- infection. Additional nucleoside analogues whose nucle- 

tive from the vector should be limited by the presence of an 25 otide triphosphate forms show selectivity for retroviral 

entity associated with the pathogenic agent, such as a reverse transcriptase but, as a result of the substrate speci- 

specific viral RNA sequence identifying the pathogenic ficity of cellular nucleoside and nucleotide kinases are not 

state, in order to avoid destruction of nonpathogenic cells. phosphorylated, will be made more efficacious. 

In one embodiment of this method, a recombinant Administration of these alphavirus vectors to human T 
alphavirus vector carries a vector construct containing a 30 cell and macrophage/monocyte cell lines can increase their 
toxic gene (as discussed above) expressed from a cell- resistance to HIV in the presence of AZT and ddC compared 
specific responsive vector. In this manner, rapidly replicat- to the same cells without retroviral vector treatment. Treat- 
ing cells, which contain the RNA sequences capable of ment with AZT would be at lower than normal levels to 
activating the cell-specific responsive vectors, are preferen- avoid toxic side effects but still efficiently inhibit the spread 
tially destroyed by the cytotoxic agent produced by the 35 of HIV The course of treatment would be as described for 
alphavirus vector construct. the blocker. 

In a similar manner to the preceding embodiment, the In one embodiment, the recombinant alphavirus vector 

alphavirus vector construct can carry a gene for carries a gene specifying a product which is not in itself 

phosphorylation, phosphoribosylation, ribosylation, or other toxic but, when processed or modified by a protein such as 

metabolism of a purine- or pyrirnidine-based drug. This gene 40 a protease specific to a viral or other pathogen, is converted 

may have no equivalent in m ammali an cells and might come into a toxic form. For example, the recombinant alphavirus 

from organisms such as a virus, bacterium, fungus, or could carry a gene encoding a proprotein for ricin A chain, 

protozoan. An example of this would be the E. coli guanine which becomes toxic upon processing by the HIV protease, 

phosphoribosyl transferase gene product, which is lethal in More specifically, a synthetic inactive proprotein form of the 

the presence of thioxanthine (see Besnard et al., Mol Cell 45 toxin ricin or diphtheria A chains could be cleaved to the 

Biol 7:4139-4141, 1987). Conditionally lethal gene prod- active form by arranging for the HIV virally encoded 

ucts of this type (also referred to as "pro-drugs" above) have protease to recognize and cleave off an appropriate "pro" 

application to many presently known purine- or pyrimidine- element. 

based anticancer drugs, which often require intracellular In another embodiment, the alphavirus construct may 

ribosylation or phosphorylation in order to become effective 50 express a "reporting product" on the surface of the target 

cytotoxic agents. The conditionally lethal gene product cells in response to the presence of an identifying agent in 

could also metabolize a nontoxic drug which is not a purine the cells (such as expression of a viral gene). This surface 

or pyrimidine analogue to a cytotoxic form (see Searle et al., protein can be recognized by a cytotoxic agent, such as 

Brit, J. Cancer 53:377-384, 1986). antibodies for the reporting protein, or by cytotoxic T cells. 

Mammalian viruses in general tend to have "immediate 55 In a similar manner, such a system can be used as a detection 
early" genes which are necessary for subsequent transcrip- system (see below) to simply identify those cells having a 
tional activation from other viral promoter elements. RNA particular gene which expresses an identifying protein, 
sequences of this nature are excellent candidates for acli- Similarly, in another embodiment, a surface protein could 
vating alphavirus vectors intracellular signals (or "identify- be expressed which would itself be therapeutically benefi- 
ing agents") of viral infection. Thus, conditionally lethal 60 cial. In the particular case of HIV, expression of the human 
genes expressed from alphavirus cell-specific vectors CD4 protein specifically in HIV-infected cells may be ben- 
responsive to these viral "immediate early" gene products eficial in two ways: 

could specifically kill cells infected with any particular 1. Binding of CD4to HlVenvintracelhilarly could inhibit 

virus. Additionally, since the human and interferon promoter the formation of viable viral particles, much as soluble 

elements are transcriptionally activated in response to infec- 65 CD4 has been shown to do for free virus, but without 

tion by a wide variety of nonrelated viruses, the introduction the problem of systematic clearance and possible 

of vectors expressing a conditionally lethal gene product like immunogenicity, since the protein will remain mem- 
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brane bound and is structurally identical to endogenous positive where there were no antibodies, this would assist in 

CD4 (to which the patient should be immunologically confirming the presence of HIV. 

tolerant). Within an analogous system for an in vitro assay, the 

2. Since the CD4/HIV env complex has been implicated presence of a particular gene, such as a viral gene, may be 

as a cause of cell death, additional expression of CD4 5 determined in a cell sample. In this case, the cells of the 

(in the presence of excess HIV-env present in HIV- sample are infected with a suitable alpha virus vector which 

infected cells) leads to more rapid cell death and thus carries the reporter gene which is only expressed in the 

inhibits viral dissemination. This may be particularly presence of the appropriate viral RNA transcript. The 

applicable to monocytes and macrophages, which act reporter gene, after entering the sample cells, will express its 

as a reservoir for virus production as a result of their 10 reporting product (such as 0-galactosidase or luciferase) 

relative refractility to HI V-induced cytotoxicity (which, only if the host cell expresses the appropriate viral proteins, 

in turn, is apparently due to the relative lack of CD4 on These assays are more rapid and sensitive, since the 

their cell surfaces). reporter gene can express a greater amount of reporting 

In another embodiment, the alphavirus vector codes for a product than identifying agent present, which results in an 

ribozyme which will cleave and inactivate RNA molecules 15 amplification effect, 

essential for viability of the vector infected cell. By making 6. IMMUNE DOWN-REGULATION 

ribozyme production dependent on a specific RNA sequence As briefly described above, the present invention also 

corresponding to the pathogenic state, such as HIV tat, provides recombinant alphavirus which carry a vector con- 

toxicity is specific to the pathogenic state. struct capable of suppressing one or more elements of the 

5. EXPRESSION OF MARKERS 20 immune system in target cells infected with the alphavirus. 

The above-described technique of expressing a palliative Briefly, specific down-regulation of inappropriate or 
in a cell in response to a specific RNA sequence can also be unwanted immune responses, such as in chronic hepatitis or 
modified to enable detection of a particular gene in a cell in transplants of heterologous tissue such as bone marrow, 
which expresses an identifying protein (for example, a gene can be engineered using immune -suppressive viral gene 
carried by a particular virus), and hence enable detection of 25 products which suppress surface expression of transplanta- 
cells carrying that virus. In addition, this technique enables tion (MHC) antigen. Group C adenoviruses Ad2 and Ad5 
me detection of viruses (such as HIV) ma clinical sample of possess a 19 kd glycoprotein (gp 19) encoded in the E3 
cells carrying an identifying protein associated with the region of the virus. This gp 19 molecule binds to class I 
virus. MHC molecules in the endoplasmic reticulum of cells, and 
This modification can be accomplished by providing a 30 prevents terminal glycosylation and translocation of class I 
genome coding for a product, the presence of which can be MHC to the cell surface. For example, prior to bone marrow 
readily identified (the "marker product**), in an alphavirus transplantation, donor bone marrow cells may be infected 
vector which responds to the presence of the identifying with gp 19-encoding vector constructs which, upon exp res- 
protein in the infected cells. For example, HIV, when it sion of the gp 19, inhibit the surface expression of MHC 
infects suitable cells, makes tat and rev. The indicator cells 35 class I transplantation antigens. These donor cells may be 
can thus be provided with a genome (such as by infection transplanted with low risk of graft rejection and may require 
with an appropriate recombinant alphavirus) which codes a minimal immunosuppressive regimen for the transplant 
for a marker gene, such as the alkaline phosphatase gene, patient. This may allow an acceptable donor-recipient chi- 
p-gal actosidase gene, or the luciferase gene which is meric state to exist with fewer complications. Similar treat- 
expressed by the recombinant alphavirus upon activation by 40 ments may be used to treat the range of so-called autoim- 
the tat and/or rev RNA transcript. In the case of mune diseases, including lupus erythromiatis, multiple 
p-galactosidase or alkaline phosphatase, exposing the cells sclerosis, rheumatoid arthritis or chronic hepatitis B infec- 
to substrate analogues results in a color or fluorescence tion. 

change if the sample is positive for HIV. In the case of An alternative method involves the use of anti-sense 

luciferase, exposing the sample to luciferin will result in 45 message, ribozyme, or other specific gene expression inhibi- 

lurninescence if the sample is positive for HIV. For intrac- tor specific for T cell clones which are autoreactive in nature, 

ellular enzymes such as p-galactosidase, the viral titre can be These block the expression of the T cell receptor of particu- 

measured directly by counting colored or fluorescent cells, lar unwanted clones responsible for an autoimmune 

or by making cell extracts and performing a suitable assay. response. The anti-sense, ribozyme, or other gene may be 

For the membrane bond form of alkaline phosphatase, virus 50 introduced using the viral vector delivery system, 

titre can also be measured by performing enzyme assays on 7. REPLACEMENT OR AUGMENTATION GENE 

the cell surface using a fluorescent substrate. For secreted THERAPY 

enzymes, such as an engineered form of alkaline One further aspect of the present invention relates to 
phosphatase, small samples of culture supernatant are transforming cells of an animal with recombinant alphavirus 
assayed for activity, allowing continuous monitoring of a 55 vectors which serve as gene transfer vehicles to supply 
single culture over time. Thus, different forms of this marker genetic sequences capable of expressing a therapeutic pro- 
system can be used for different purposes. These include tein. Within one embodiment of the present invention, the 
counting active virus, or sensitively and simply measuring viral vector construct is designed to express a therapeutic 
viral spread in a culture and the inhibition of this spread by protein capable of preventing, inhibiting, stabilizing or 
various drugs. 60 reversing an inherited or noninherited genetic defect in 
Further specificity can be incorporated into the preceding metabolism, immune regulation, hormonal regulation, enzy- 
system by testing for the presence of the virus either with or matic or membrane associated structural function. This 
without neutralizing antibodies to that virus. For example, in embodiment also describes the viral vector capable of trans- 
one portion of the clinical sample being tested, neutralizing ducing individual cells, whereby the therapeutic protein is 
antibodies to HIV may be present; whereas in another 65 able to be expressed systemically or locally from a specific 
portion there would be no neutralizing antibodies. If the tests cell or tissue, whereby the therapeutic protein is capable of 
were negative in the system where there were antibodies and (a) the replacement of an absent or defective cellular protein 
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or enzyme, or (b) supplement production of a defective of enously supplied IL-1 decreases mean arterial pressure and 

low expressed cellular protein or enzyme. Such diseases induces leukopenia. Neutralizing antibody to IL-1 reduced 

may include cystic fibrosis, Parkinson's disease, endotoxin-induced fever in animals. In a study of patients 

hypercholesterolemia, adenosine deaminase deficiency, with septic shock who were treated with a constant infusion 

P-globin disorders, Hemophilia A & B, Gaucher^ disease, 5 Q f IL-1R for three days, the 28 day mortality was 16% 

diabetes and leukemia. compared to 44% in patients who received placebo infu- 

As an example of the present invention, a recombinant s ^ ons 

alphavirus viral vector can be used to treat Gaucher disease. , n the case of autoimmune disease , reducing the activity 

^^Pk 11 ^ IT?* * ' f g ?K ellC ^° i' \ of ^ inflammation. Similarly, blocking the activ- 

atfenzrfbythed^ 1Q { q{ ^ ^ recombinant na ^ Qn can result in 

dase. This type of therapy is an example of a single gene . J , „ - . f . . r . L1 . 

replacement therapy by providing a functional Cellular ™ mised sumval m ammak > P'^^y by 

enzyme. This enzyme deficiency leads to the accumulation ecreasing i ammation. 

of glucocerebroside in the lysosomes of all cells in the body. ^ases provide further examples where alphavi- 

However, the disease phenotype is manifested only in the ^ vect0IS ma y engineered to produce a soluble receptor 

macrophages, except in the very rare neuronpathic forms of 15 or more specifically the IL-IRa molecule. For example, in 

the disease. The disease usually leads to enlargement of the patients undergoing septic shock, a single injection of 

liver and spleen and lesions in the bones. (For a review, see IL-IRa producing vector particles could replace the current 

Science 256:794, 1992, and The Metabolic Basis of Inker- approach requiring a constant infusion of recombinant 

tied Disease, 6th ed., Scriver et al., vol. 2, p. 1677). IL-1R. 

8. LYMPH OKINES AND LYMPHOKINE RECEPTORS 20 Cytokine responses, or more specifically, incorrect cytok- 

As noted above, the present invention provides alphavirus ine responses may also be involved in the failure to control 

particles which can, among other functions, direct the or resolve infectious diseases. Perhaps the best studied 

expression of one or more cytokines or cytokine receptors. example is non-healing forms of leishmaniasis in mice and 

Briefly, in addition to their role as cancer therapeutics, humans which have strong, but counterproductive T H 2- 

cytokines can have negative effects resulting in certain 25 dominated responses. Similarly, lepromotomatous leprosy is 

pathological conditions. For example, most resting T-cells, associated with a dominant, but inappropriate T H 2 response. 

B cells, large granular lymphocytes and monocytes do not In these conditions, alphavirus-based gene therapy may be 

express IL-2R (receptor). In contrast to the lack of EL-2R useful for increasing circulating levels of I FN gamma, as 

expression on normal resting cells, IL-2R is expressed by opposed to the site-directed approach proposed for solid 

abnormal cells in patients with certain leukemias (ATL, 30 tumor therapy. IFN gamma is produced by T ir l T-cclls, and 

Hairy-cell, Hodgkins, acute and chronic granulocytic), functions as a negative regulator of T^-2 subtype prolifera- 

autoimmune diseases, and is associated with allograft rejec- tion. IFN gamma also antagonizes many of the IL-4 medi- 

tion. Interestingly, in most of these patients the serum ated effects on B-cells, including isotype switching to IgE. 

concentration of a soluble form of IL-2R is elevated. IgE, mast cells and eosinophils are involved in mediating 

Therefore, with certain embodiments of the invention 35 allergic reaction. IL-4 acts on differentiating T-cells to 

therapy may be effected by increasing the serum concentra- stimulate T^-2 development, while inhibiting T^l 

tion of the soluble form of the cytokine receptor. For responses. Thus, alphavirus-based gene therapy may also be 

example, in the case of IL-2R, an alphavirus vector can be accomplished in conjunction with traditional allergy thera- 

engineered to produce both soluble IL-2R and IL^2R, ere- peutics. One possibility is to deliver alphavirus-IL4R with 

ating a high affinity soluble receptor. In this configuration, 40 small amounts of the offending allergen (i.e., traditional 

serum 1L-2 levels would decrease, inhibiting the paracrine allergy shots). Soluble IL-4R would prevent the activity of 

loop. IL-4, and thus prevent the induction of a strong Tf/2 

This same strategy may also be effective against autoim- response, 

mune diseases. In particular, because some autoimmune 9. SUICIDE VECTOR 

diseases (e.g., Rheumatoid arthritis, SLE) are also associated 45 One further aspect of the present invention relates to the 

with abnormal expression of IL-2, blocking the action of expression of alphavirus suicide vectors to limit the spread 

IL-2 by increasing serum level of receptor may also be of wild-type alphavirus in the packaging/producer cell lines, 

utilized in order to treat such autoimmune diseases. Briefly, within one embodiment the alphavirus suicide vec- 

In other cases inhibiting the levels of IL-1 may be tor would be comprised of an antisense or ribozyme 

beneficial. Briefly, IL-1 consists of two polypeptides, IL-1 50 sequence, specific for the wild-type alphavirus sequence 

and IL-1, each of which has plieotropic effects. IL-1 is generated from an RNA recombination event between the 3' 

primarily synthesized by mononuclear phagocytes, in sequences of the junction region of the vector, and the 5 1 

response to stimulation by microbial products or inflamma- alphavirus structural sequences of the packaging cell line 

tion. There is a naturally occurring antagonist of the IL-1R, expression vector. The antisense or ribozyme molecule 

referred to as the IL-1 Receptor antagonist ("IL-IRa"). This 55 would only be thermostable in the presence of the specific 

IHR antagonist has the same molecular size as mature IL-1 recombination sequence and would not have any other effect 

and is structurally related to it. However, binding of IL-IRa in the alphavirus packaging/producer cell line. Alternatively, 

to the IL-1R does not initiate any receptor signaling. Thus, a toxic molecule (such as those disclosed below), may also 

this molecule has a different mechanism of action than a be expressed in the context of a vector that would only 

soluble receptor, which complexes with the cytokine and 60 express in the presence of wild-type alphavirus. 

thus prevents interaction with the receptor. IL-1 does not 10. ALPHAVIRUS VECTORS TO PREVENT THE 

seem to play an important role in normal homeostasis. In SPREAD OF METASTATIC TUMORS 

animals, antibodies to IL-1 receptors reduce inflammation One further aspect of the present invention relates to the 

and anorexia due to endotoxins and other inflammation use of alphavirus vectors for inhibiting or reducing the 

inducing agents. 65 invasiveness of malignant neoplasms. Briefly, the extent of 

In the case of septic shock, IL-1 induces secondary malignancy typically relates to vascularization of the tumor, 

compounds which are potent vasodilators. In animals, exog- One cause for tumor vascularization is the production of 
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soluble tumor angiogenesis factors (TAJ 7 ) (Paweletz et al., with other genes and/or antisense/ribozyme moieties tar- 

Crit. Rev. OncoL Hematol 9:197, 1989) expressed by some geted to factors which release growth control of the cell, 

tumors. Within one aspect of the present invention, tumor Modulation of homo/hetero-complex association is 

vascularization may be slowed by using alphavirus vectors another approach to control transcription factor activated 

to express antisense or ribozyme RNA molecules specific for 5 gene expression. For example, transport from the cytoplasm 

TAR Alternatively, anti-angiogenesis factors (Moses et al., to the nucleus of the trans-activating transcription factor 

Science 248:1408, 1990; Shapiro et al., PNAS 84:2238, NF-B is prevented while in a heterodimer complex with the 

1987) may be expressed either alone or in combination with inhibitor protein IB. Upon induction by a variety of agents, 

the above-described ribozymes or antisense sequences in including certain cytokines, IB becomes phosphorylated and 

order to slow or inhibit tumor vascularization. Alternatively, 10 NF-B is released and transported to the nucleus, where it can 

alphavirus vectors can also be used to express an antibody exert its sequence-specific trans-activating function 

specific for the TAF receptors on surrounding tissues. (Baeuerle and Baltimore, Science 242:540-546, 1988). The 

11. ADMINISTRATION OF ALPHAVIRUS PARTICLES dissociation of the NF-B/IB complex can be prevented by 

Within other aspects of the present invention, methods are masking with an antibody the phosphorylation site of IB. 

provided for administering recombinant alphavirus vectors 15 This approach would effectively inhibit the trans-activation 

or particles. Briefly, the final mode of viral vector adminis- activity of the NF-IB transcription factor by preventing its 

tration usually relies on the specific therapeutic application, transport to the nucleus. Expression of the IB phosphoryla- 

the best mode of increasing vector potency, and the most tion site specific antibody or protein in target cells may be 

convenient route of administration. Generally, this embodi- accomplished with an alphavirus gene transfer vector. An 

ment includes recombinant alphavirus vectors which can be 20 approach similar to the one described here could be used to 

designed to be delivered by, for example, (1) direct injection prevent the formation of the trans-activating transcription 

into the blood stream; (2) direct injection into a specific heterodimer factor AP-1 (Turner and lljan, Science 

tissue or tumor, (3) oral administration; (4) nasal inhalation; 243:1689-1694, 1989), by inhibiting the association 

(5) direct application to mucosal tissues; or (6) ex vivo between the jun and fos proteins, 

administration of transduced autologous cells into the ani- 25 J. PHARMACEUTICAL COMPOSITIONS 

mal. Thus the therapeutic alphavirus vector can be admin- As noted above, the present invention also provides 

istered in such a fashion such that the vector can (a) pharmaceutical compositions comprising a recombinant 

transduce a normal healthy cell and transform the cell into Sindbis particle or virus, or Sindbis vector construct, in 

a producer of a therapeutic protein or agent which is secreted combination with a pharmaceutically acceptable carrier, 

systemicaUy or locally, (b) transform an abnormal or defec- 30 diluent, or recipient 

tive cell, transforming the cell into a normal functioning Briefly, infectious recombinant virus (also referred to 

phenotype, (c) transform an abnormal cell so that it is above as particles) may be preserved either in crude or 

destroyed, and/or (d) transduce cells to manipulate the purified forms. In order to produce virus in a crude form, 

immune response. virus-producing cells may first be cultivated in a bioreactor, 

I. MODULATION OF TRANSCRIPTION FACTOR 35 wherein viral particles are released from the cells into the 

ACTIVITY culture media. Virus may then be preserved in crude form by 

In yet another embodiment, alphavirus vectors may be first adding a sufficient amount of a formulation buffer to the 

utilized in order to regulate the growth control activity of culture media containing the recombinant virus to form an 

transcription factors in the infected cell. Briefly, transcrip- aqueous suspension. Within certain preferred embodiments, 

tion factors directly influence the pattern of gene expression 40 the formulation buffer is an aqueous solution that contains a 

through sequence-specific trans-activation or repression saccharide, a high molecular weight structural additive, and 

(Karin, New Biologist 21:126-131, 1990). Thus, it is not a buffering component in water. The aqueous solution may 

surprising that mutated transcription factors represent a also contain one or more amino acids, 

family of oncogenes. Alphavirus gene transfer therapy can Hie recombinant virus can also be preserved in a purified 

be used, for example, to return control to tumor cells whose 45 form. More specifically, prior to the addition of the formu- 

unregulated growth is activated by oncogenic transcription lation buffer, the crude recombinant virus described above 

factors, and proteins which promote or inhibit the binding may be clarified by passing it through a filter and then 

cooperatively in the formation of homo- and heterodimer concentrated, such as by a cross flow concentrating system 

trans-activating or repressing transcription factor com- (Filtron Technology Corp., Nortborough, Mass.). Within one 

plexes. 50 embodiment, DNase is added to the concentrate to digest 

One method for reversing cell proliferation would be to exogenous DNA. The digest is then diafiltrated in order to 

inhibit the trans-activating potential of the c-myc/Max het- remove excess media components and to establish the 

erodimer transcription factor complex. Briefly, the nuclear recombinant virus in a more desirable buffered solution. The 

oncogene c-myc is expressed by proliferating cells and can diafiltrate is then passed over a Sephadex S-500 gel column 

be activated by several distinct mechanisms, including ret- 55 and a purified recombinant virus is eluted. A sufficient 

roviral insertion, amplification, and chromosomal transloca- amount of formulation buffer is then added to this eluate in 

tion. The Max protein is expressed in quiescent cells and, order to reach a desired final concentration of the constitu- 

independently of c-myc, either alone or in conjunction with ents and to minimally dilute the recombinant virus. The 

an unidentified factor, functions to repress expression of the aqueous suspension may then be stored, preferably at -70° 

same genes activated by the myc/Max heterodimer (Cole, 60 C, or immediately dried. As above, the formulation buffer 

Cell 65:715-716, 1991). may be an aqueous solution that contains a saccharide, a 

Inhibition of c-myc or c-myc/Max proliferation of tumor high molecular weight structural additive, and a buffering 

cells may be accomplished by the overexpression of Max in component in water. The aqueous solution may also contain 

target cells controlled by alphavirus vectors. The Max one or more amino acids. 

protein is only 160 amino acids (corresponding to 480 65 Crude recombinant virus may also be purified by ion 

nucleotide RNA length) and is easily incorporated into an exchange column chromatography. Briefly, crude recombi- 

alphavirus vector either independently, or in combination nant virus may be clarified by first passing it through a filter, 
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followed by loading the filtrate onto a column containing a gelatin, or povidone. A particularly preferred concentration 

highly sulfonated cellulose matrix. The recombinant virus of human serum albumin is 0.1% by weight Preferably, the 

may then be eluted from the column in purified form by concentration of the high molecular weight structural addi- 

using a high salt buffer, and the high salt buffer exchanged tive ranges from 0.1% to 10% by weight, 

for a more desirable buffer by passing the eluate over a 5 The amino acids, if present, function to further preserve 

molecular exclusion column. A sufficient amount of formu- viral infectivity upon cooling and thawing of the aqueous 

lation buffer is then added, as discussed above, to the suspension. In addition, amino acids function to further 

purified recombinant virus and the aqueous suspension is preserve viral infectivity during sublimation of the cooled 

either dried immediately or stored, preferably at -70° C. aqueous suspension and while in the lyophilized state. A 

The aqueous suspension in crude or purified form can be 10 preferred amino acid is arginine, but other amino acids such 

dried by lyophilization or evaporation at ambient tempera- as lysine, ornithine, serine, glycine, glutamine, asparagine, 

ture. Briefly, lyophilization involves the steps of cooling the glutamic acid or aspartic acid can also be used. A particu- 

aqueous suspension below the gas transition temperature or larly preferred arginine concentration is 0.1% by weight, 

below the eutectic point temperature of the aqueous Preferably, the amino acid concentration ranges from 0.1% 

suspension, and removing water from the cooled suspension 15 to 10% by weight. 

by sublimation to form a lyophilized virus. Within one The buffering component acts to buffer the solution by 

embodiment, aliquots of the formulated recombinant virus maintaining a relatively constant pH. A variety of buffers 

are placed into an Edwards Refrigerated Chamber (3 shelf may be used, depending on the pH range desired, preferably 

RC3S unit) attached to a freeze dryer (Supermodulyo 12K). between 7.0 and 7.8. Suitable buffers include phosphate 

A multistep freeze drying procedure as described by Phillips 20 buffer and citrate buffer. A particularly preferred pH of the 

et al. (Cryobiology 18:414, 1981) is used to lyophilize the recombinant virus formulation is 7.4, and a preferred buffer 

formulated recombinant virus, preferably from a tempera- is tromethamine. 

ture of -40° C. to -45° C. The resulting composition In addition, it is preferable that the aqueous solution 

contains less than 10% water by weight of the lyophilized contain a neutral salt which is used to adjust the final 

virus. Once lyophilized, the recombinant virus is stable and 25 formulated recombinant alphavirus to an appropriate iso- 

may be stored at -20° C. to 25° C, as discussed in more osmotic salt concentration. Suitable neutral salts include 

detail below. sodium chloride, potassium chloride or magnesium chloride. 

Within the evaporative method, water is removed from A preferred salt is sodium chloride, 
the aqueous suspension at ambient temperature by evapo- Aqueous solutions containing the desired concentration of 
ration. Within one embodiment, water is removed through 30 the components described above may be prepared as con- 
spray-drying (EP 520,748). Within the spray-drying process, centrated stock solutions. 

the aqueous suspension is delivered into a flow of preheated It will be evident to those skilled in the art, given the 

gas, usually air, whereupon water rapidly evaporates from disclosure provided herein, that it may be preferable to 

droplets of the suspension. Spray-drying apparatus are avail- utilize certain saccharides within the aqueous solution when 

able from a number of manufacturers (e.g., Drytec, Ltd., 35 the lyophilized virus is intended for storage at room tem- 

Tonbridge, England; Lab- Plant, Ltd., Huddersfield, perature. More specifically, it is preferable to utilize 

England). Once dehydrated, the recombinant virus is stable disaccharides, such as lactose or trehalose, particularly for 

and may be stored at -20° C. to 25° C. Within the methods storage at room temperature. 

described herein, the resulting moisture content of the dried The lyophilized or dehydrated viruses of the subject 

or lyophilized virus may be determined through use of a 40 invention may be reconstituted using a variety of substances, 

Karl-Fischer apparatus (EM Science Aquastar* V1B volu- but are preferably reconstituted using water. In certain 

metric titrator, Cherry Hill, N.J.), or through a gravimetric instances, dilute salt solutions which bring the final formu- 

method. lation to isotonicity may also be used. In addition, it may be 

The aqueous solutions used for formulation, as previously advantageous to use aqueous solutions containing compo- 

described, are preferably composed of a saccharide, high 45 nents known to enhance the activity of the reconstituted 

molecular weight structural additive, a buffering component, virus. Such components include cytokines, such as IL-2, 

and water. The solution may also include one or more amino polycalions, such as protamine sulfate, or other components 

acids. The combination of these components act to preserve which enhance the transduction efficiency of the reconsti- 

the activity of the recombinant virus upon freezing and tuted virus. Lyophilized or dehydrated recombinant virus 

lyophilization or drying through evaporation. Although a 50 may be reconstituted with any convenient volume of water 

preferred saccharide is lactose, other saccharides may be or the reconstituting agents noted above that allow 

used, such as sucrose, mannitol, glucose, trehalose, inositol, substantial, and preferably total solubilization of the lyo- 

fructose, maltose or galactose. In addition, combinations of philized or dehydrated sample. 

saccharides can be used, for example, lactose and mannitol, The following examples are offered by way of illustration, 
or sucrose and mannitol. A particularly preferred concentra- 55 and not by way of limitation, 
tion of lactose is 3%-4% by weight. Preferably, the con- 
centration of the saccharide ranges from 1% to 12% by EXAMPLES 
weight. 

The high molecular weight structural additive aids in Example 1 

preventing vird aggregation during fixering and provides 60 ^ 0 ^ G OF A SINDBIS GENOMIC LENGTH 

structural support m the lyophilized or dried state. Within the cDNA 
context of the present invention, structural additives are 

considered to be of "high molecular weight" if they are The nature of viruses having an RNA genome of positive 

greater than 5000 m.w. A preferred high molecular weight polarity is such that, when introduced into a eukaryotic cell 

structural additive is human serum albumin. However, other 65 which serves as a permissive host, the purified genomic 

substances may also be used, such as hydroxyethyl- nucleic acid serves as a functional message RNA (mRNA) 

cellulose, hydroxymethyl-cellulose, dextran, cellulose, molecule for translation of the viral replicase proteins. 
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Therefore, this genomic RNA, purified from the virus, can 
initiate the same infection cycle that is characteristic of 
infection by the wild-type virus from which the RNA was 
purified. 

For example, Sindbis virus strain AR339 (ATCC #VR- 
1248, Taylor et al., Am. J. Trap. Med, Hyg 4:844 1955; 
isolated from the mosquito Culexus univittatus) is propa- 
gated in baby hamster kidney (BHK-21) cells (ATCC #CCL- 
10), infected at low multiplicity (0.1 PFU/cell). 
Alternatively, another HR-derived Sindbis virus strain, 
obtained from Lee Biomolecular (San Diego, Calif.), also is 
used and propagated by the same methods. Sindbis virions 
are precipitated from a clarified lysate at 48 hours post- 
infection, with 10% (w/v) of polyethylene glycol (PEG- 
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non-viral G ribonucleotide linked to the A ribonucleotide, 
which corresponds to the authentic Sindbis 5* end. Inclusion 
of the Apa I recognition sequence facilitates insertion of the 
PCR amplicon into the plasmid vector (pKS H + , Stratagene, 
San Diego, Calif.) polylinker sequence. A five nucleotide 
'buffer sequence' is also inserted prior to the Apa I recog- 
nition sequence in order to permit efficient digestion. The 
sequence of the SP6-5' Sindbis forward primer and all of the 
primer pairs necessary to amplify the entire Sindbis genome 
are shown below. (Note that "nt" and "nts" as utilized 
hereinafter refer to "nucleotide" and "nucleotides," 
respectively). The reference sequence (GenBank accession 
no. SINCG) is from Strauss et al., Virology 133:92-110. 



Seq. ' Recognition 

Primer Location ED No. Sequence Sequence (5'-^3*) 



SP6-1A ApaI/SP6/+ 

SIN nis.1-18 4 TATATGGGOCCXiArrTAGGTGAC Apa I 

ACrATAGATTGACGGCGTAGTAC 
AC 



IB 


3182-3160 


5 


CTGGCAACCGGTAAGTAOGATAC 


Age I 


2A 


3144-3164 


6 


ATACTAGCCACGGCCGOrATC 


Age I 


2B 


5905-5885 


7 


TCCTXnTTCGACGTGTCGAGC 


EcoRI 


3A 


5844-5864 


8 


ACCTTGGAGOGCAATGTCCTG 


EcoRI 


7349R 


7349-7328 


9 


CCTITIT^GGGGATCCGCCAC 


Bam HI 


7328F 


7328-7349 


10 


CnXKKXKjATCCCCTGAAAAGG 


Bam HE 


3B 


9385-9366 


11 


TGGGCCGTGTGGTCGTCATG 


Bel I 


4A 


9336-9356 


12 


TGGGTCTTCAACTCACXXjGAC 


Bel I 


10394R 


10394-10372 


13 


CAATTCG ACGTA CGCCTCACTC 


Bsi WI 


10373F 


10373-10394 


14 


GAGTGAGGCGTACGTCGAAITG 


BsiWI 


4B 


Xbal/dTV 










11703-11698 


3 


'IAIATIT7TAGA(dT) 25 -GAAArG 


Xbal 



8000) at 0° C, as described previously. Sindbis virions 
which are contained in the PEG pellet are then lysed with 
2% SDS, and the polyadcnylated mRNA isolated by chro- 
matography utilizing commercially available oligo-dT col- 
umns (Invitrogen, San Diego, Calif.). 

Two rounds of first strand cDNA synthesis are performed 
on the poly A selected mRNA, using an oligonucleotide 
primer with the sequence shown below: 



3S PCR amplification of Sindbis cDNA with the six primer 
sets shown above is performed in separate reactions, using 
the THERMALASE™ thermostable DNA polymerase 
(Amersco Inc., Solon, Ohio) and the buffer containing IS 
mM MgCL^ provided by the supplier. Additionally, the 
reactions contain 5% DMSO, and the HOT START WAX™ 

40 beads (Perkin-Elmer), using the PCR amplification protocol 
shown below: 



5 -TATA r nrrTAGA(dT) 25 -GAAArG-3 , (SEO. ID NO. 3) 

Briefly, this primer contains at its 5* end, a five nucleotide 
'buffer sequence* for efficient restriction endonuclease 
digestion, followed by the Xba I recognition sequence, 25 
consecutive dT nucleotides and six nucleotides which are 
precisely complementary to the extreme Sindbis 3' end. 
Thus, selection for first round cDNA synthesis occurs at two 
levels: (1) polyadeoylated molecules, a prerequisite for 
functional mRNA, and (2) selective priming from Sindbis 
mRNA molecules, in a pool possibly containing multiple 
mRNA species. Further, the reverse transcription is per- 
formed in the presence of 10 mM MeHgOH to mitigate the 
frequency of artificial stops during reverse transcription. 

Primary genomic length Sindbis cDNA is then amplified 
by PCR in six distinct segments using six pairs of overlap- 
ping primers. Briefly, in addition to viral complementary 
sequences, the Sindbis 5' end forward primer is constructed 
to contain a 19 nucleotide sequence corresponding to the 
bacterial SP6 RNA polymerase promoter and the Apa I 
restriction endonuclease recognition sequence linked to its 5 1 
end. The bacterial SP6 RNA polymerase is poised such that 
transcription in vitro results in the inclusion of only a single 
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Temperature (°C) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


35 




72 


10 


10 



50 



Following amplification, the six reaction products are 
inserted first into the pCR II vector (Invitrogen), then using 
the appropriate enzymes shown above, are inserted, 
stepwise, into the pKS D + (Stratagene) vector, between the 

55 Apa I and Xba I sites. This clone is designated he Sindbis 
genomic cDNA clone p VGSP6GEN is linearized by diges- 
tion as pVGSPGGEN. 

The Sindbis genomic cDNA clone pVGSP6GEN is lin- 
earized by digestion with Xba I, which cuts pVGSP6GEN 

60 once, immediately adjacent and downstream of the 25 
nucleotide long poly dA:dT stretch. The linearized 
pVGSP6GEN clone is purified with GENECLEAN™ (BIO 
101, La Jolla, Calif.), and adjusted to a concentration of 0.5 
mg/ml. Transcription of the linearized pVGSP6GEN clone 

65 is performed in vitro at 40° C. for 90 minutes according to 
the following reaction conditions: 2 ul DNA/4.25 ul H 2 0; 10 
ul 2.5 mM NTPs (UTP, ATP, GTP, CTP); 1.25 ul 20 mM 
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54 



10 



15 



20 



25 



30 



MJGiSfyppiS'yG cap analogue; 1.25 ul 100 mM DTT; 5 ul 
5x transcription buffer (Promega, Madison, Wis.); 0.5 ul 
RNasin (Promega); 0.25 ul 10 mg/ml bovine serum albumin; 
and OS ul SP6 RNA polymerase (Promega). The in vitro 
transcription reaction products can be digested with DNase 
I (Promega) and are purified by sequential phenol/CHCl 3 
and ether extraction, followed by ethanol precipitation, or 
alternatively, can be used directly for transfection. The in 
vitro transcription reaction products or purified RNA are 
complexed with a commercial cationic lipid compound (for 
example, LIPOFECTIN™, G1BCO-BRL, Gaithersburg, 
Md.), and applied to BHK-21 cells maintained in a 60 mM 
petri dish at 75% confiuency. The transfected cells are 
incubated at 30° C. After 94 hours post-transfection, exten- 
sive cytopatbologic effects (CPE) are observed. No obvious 
CPE is observed in plates not receiving RNA transcribed 
from the Sindbis cDNA clone. Further, 1 ml of supernatant 
taken from transfected cells, added to fresh monolayers of 
BHK-21 cells, and incubated at 30° C. or 37° C. results in 
obvious CPE within 18 hours. This demonstrates that the 
Sindbis cDNA clone pVGSP6GEN is indeed infectious. 

Sequence analysis of pVGSP6GEN, shown in Table 1, 
reveals multiple sequence differences between the Sindbis 
genomic clone described herein, and the viral clone 
sequence provided in Genbank (GenBank Accession No. 
SINCG). Many sequence differences result in the substitu- 
tion of non-conservative amino acids changes in the Sindbis 
proteins. To address which sequence changes are unique to 
the virus strain used for cloning, as described herein, or are 
a result of cloning artifact, virion RNA is amplified by 
RT-PCR as described above, and sequence relating to the 
nucleotides in question is determined by direct sequencing 35 
of the RT-PCR amplicon product, using a commercially 
available kit (Promega, Madison Wis.), and compared to the 
corresponding pVGSP6GEN sequence. The results of this 
study are given in Table 2. Briefly, three non-conservative 
amino acid changes, Gly-*Glu, Asp-*Gly, and Tyr-^Cys, 
which are a result of cloning artifact are observed respec- 
tively at viral nucleotides 2245, 6193, and 6730. These 
nucleotide changes resulting in non-conservative amino acid 
changes all map to the viral non-structural protein (NSP) 
genes, nt 2245 to NSP 2, and nts 6193 and 6730 to NSP4. 

Repair of the NSP 2 and NSP 4 genes is accomplished by 
RT-PCR, as described above, using virion RNA from a 5 
times plaque purified stock. The SP6-1A/1B primer pair 
described above is used to repair the nt 2245 change. The 
RT-PCR amplicon product is digested with Eco 47III and 
Bgl 11, and the 882 bp fragment is purified by 1% agarose/ 
TBE gel electrophoresis, and exchanged into the corre- 
sponding region of the pVGSP6GEN clone, prepared by 
digestion with Eco 4 7111 and Bgl II, and treatment with 
CLAP. The 3A/7349R primer pair described above is used to 
repair the nt 6193 and nt 6730 changes. The RT-PCR 
amplicon product is digested with Eco RI and Hpa I, and the 
1,050 bp fragment is purified by 1% agarose/TBE gel 
electrophoresis, and exchanged into the corresponding 
region of the pVGSP6GEN clone. This clone is designated 
pVGSP6GENrep. Transfection of BHK cells with in vitro 
transcribed RNA from pVGSP6GENrep DNA, linearized by 
digestion with Xba I as described above, results in extensive 
CPE within 18 hours post-transfection. 



SINDBIS GENOMIC CLONE DIFFERENCES BETWEEN pVGSP6GEN 
AND GENBANK SEQUENCES 









Location 


amino acid 


SIN nt# 


Change 


Codon Change 


in Codon 


change 


Noncoding Region: 
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T— C 


RA. 


N.A. 


N.A. 


Non-structural Proteins: 








353 


C— T 


UAU— UAC 


3' 


Tyr— Tyr 


1095 


A-C 


AUA— CUA 


1' 


lie— Leu 


1412 


T— C 


UUU—UUC 


3" 


Phe— Phe 


2032 


A— G 


GAG— GGG 


2' 


Glu— Gly 


2245 


G— A 


GGG— GAG 


2" 


Gly— Glu 


2258 


A-C 


UCA— UCC 


3' 


Scr— Scr 


2873 


A— G 


CAA— CAG 


3' 


Gin— Gin 


2992 


C— T 


CCC—CUC 


2* 


Pro— Leu 


3544 


T— C 


GUC—GCC 


T 


Val— Leu 


3579 


A— G 


AAA— GAA 


V 


Leu— Glu 


3822 


A— G 


ACC— GCC 


V 


Thr— Ala 


3851 


T— C 


CUU— CUC 


y 


Leu— Leu 


5351 


A— T 


CAA— CAU 


3' 


Gin— His 


5466 


G— A 


GGU— AGU 


1' 


Gly-Ser 


5495 


T— C 


AUU— AUC 


3' 


lie— He 


5543 


A— T 


ACA— ACU 


3' 


Thr— Thr 


5614 


T— C 


GUA— GCA 


T 


Val— Ala 


6193 


A— G 


GAC— GGC 


T 


Asp— Gly 


6564 


G— A 


GCA— ACA 


V 


Ala— Thr 


6730 


A— G 


UAC— UGC 


T 


Tyr— Cys 


Structural Proteins: 








8637 


A— G 


AUU—GUU 


V 


lie— Val 


8698 


T— A 


GUA— GAA 


2' 


Val— Glu 


9108 


AAG del 


AAG— del 


r-3' 


Glu— del 


9144 


A— G 


AGA— GGA 


1' 


Arg— Gly 


9420 


A— G 


AGU— GGU 


1' 


Ser— Gly 


9983 


T— G 


GCU-GCG 


3' 


Ala— Ala 


10469 


T— A 


AUU— AUA 


3' 


De— He 


10664 


T— C 


uuu-uuc 


3* 


Phe— Phe 


10773 


T— G 


UCA— GCA 


1* 


Ser— Ala 



40 
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SINDBIS GENOMIC CLONE ARTIFACT ANALYSIS 



Amino Acid 



pVGSP6GEN 



Cloning 
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SC*nt# 


change 


Unique 


Artifact 


Nonstructural Proteins: 






2032 


Glu— Gly 


+* 




2245 


Gly— Glu 




+ 


2258 


Ser— Ser 


+* 




2873 


Gin— Gin 


+ 




2992 


Pro— Leu 


+ 




3544 


Val— Leu 




+ 


3579 


Leu— Glu 


+ 




3822 


Thr— Ala 




+ 


3851 


Leu— Leu 




+ 


5351 


Gin— His 


+ 




5466 


Gly-Ser 




+ 


5495 


De— lie 




+ 


5543 


Thr— Thr 




+ 


6193 


Asp— Gly 




+ 


6730 


Tyr— Cys 






Structural Proteins: 






8637 


De— Val 


+ 




8698 


Val— Gru 


+ 




9108 


Gm— del 


+ 




9144 


Arg— Gly 


+ 





•Mixture: Both Genbank and pVGSP6GEN Sindbis strains present at this 
nucleotide. 
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GENERATION OF DNA VECTORS WHICH 
INITIATE ALPHAVIRUS INFECTION: 
EUKARYOTIC LAYERED VECTOR INITIATION 5 
SYSTEMS 

As noted above, the present invention provides eukaryotic 
layered vector initiation systems which generally comprise 
a promoter which is capable of initiating the 5' synthesis of 
RNA from cDNA, a construct which is capable of autono- 
mous or autocatalytic replication in a cell, the construct also 
being capable of expressing a heterologous nucleic acid 
sequence, and a 3' sequence which controls transcription 
termination. Within one embodiment, such constructs may 
be constructed of the following ordered elements: a 5* 
eukaryotic promoter capable of initiating the synthesis of 
viral RNA at the authentic alphavirus 5* end, a 5* sequence 
which is capable of initiating transcription of an alphavirus, 
a nucleotide sequence encoding alphavirus non-structural 
proteins, a viral junction region, a heterologous sequence, an 
alphavirus RNA polymerase recognition sequence, and a 3' 
transcription termination/polyadenylation signal sequence. 
Such alphavirus cDNA expression vectors may also include 
intervening sequences (introns), which are spliced from the 
pre-RNA in the nucleus prior to transport to the cytoplasm, 
and which may improve the overall efficiency of the system, 
in terms of molecules of functional mRNA transported to the 
cytoplasm/nuclear DNA template. The intron splicing sig- 
nals are located, for example, between Sindbis and heter- 
ologous gene regions as described in Example 3. 

Construction of a eukaryotic layered vector initiation 
system utilizing the Sindbis clone pVGSP6GENrep and 
mammalian RNA polymerase II promoters is accomplished 
as follows. Briefly, plasmid pVGSP6GENrep is digested 
with Bgl II and Xba I, and the reaction products are 
electrophoresed on a 0.8% agarose/TBE gel. The resulting 
9,438 bp fragment is excised, purified with 
GENECLEAN™, and ligated into the 4,475 bp vector 
fragment resulting from treatment of pCDNA3 (Invitrogen) 
with Bgl II, Xba I, and CIAP. This construction is designated 
as pcDNASINbgl/xba. 

Hie U3 region of the long terminal repeat (LTR) from 
Moloney murine leukemia virus (Mo-MLV) is positioned at 
the 5' viral end such that the first transcribed nucleotide is a 
single G residue, which is capped in vivo, followed by the 
Sindbis 5' end. Juxtaposition of the Mo-MLV LTR and the 
Sindbis 5' end is accomplished by overlapping PCR as 
described below. Amplification of the Mo-MLV LTR in the 
first primary PCR reaction is accomplished in a reaction 
containing the BAG vector (Price et al., PNAS 84:156-160, 
1987) and the following primer pair: 
Forward primer: BAGBgl2Fl (buffer sequence/Bgl II rec- 
ognition sequence/Mo-MLV LTR nts 1-22): 

5-TATATAGATCTAArGAAAGACCCCACCTGTAGG 
(SEQ. ID NO. 15) 
Reverse primer BAGwt441R2 (SIN nts 5-1/Mo-MLV LTR 
nts 441^06): 

S'-TCAATCCCCGAGTGAGGGGTTGTGGGCTCTTT- 
T ATTGAGC (SEQ. ID NO. 16) 

PCR amplification of the Mo-MLV LTR with the primer 
pair shown above is performed using the THERMALASE™ 
thermostable DNA polymerase and the buffer containing 1.5 
mM MgCI^ provided by the supplier. Additionally, the 
reaction contains 5% DMSO, and the HOT START WAX™ 
beads, using the PCR amplification protocol shown below: 
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Amplification of the Sindbis 5' end in the second primary 
PCR reaction is accomplished in a reaction containing the 
pVGSP6GENrep clone and the following primer pair: 
Forward primer (Mo-MLV LTR nts 421^41/SIN nts 
1-16): 

5'CCACAACCCCTCACTCGGGGATTGACG- 
GCGTAGTAC (SEQ. ID NO. 17) 
Reverse primer: (SIN nts 3182-3160): 
5'CrGGCAACCGGTAAGTACGATAC (SEQ. ID NO. 
18) 

PCR amplification of the Mo-MLV LTR is accomplished 
with the primer pair and amplification reaction conditions 
described above, utilizing the PCR amplification protocol 
shown below: 



Temperature (°G) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 
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35 


72 


3.0 




72 


10 


1 



The 457 bp and 3202 bp products from the primary PCR 
reactions are GENE CLEAN™, and combined in a second- 
ary PCR reaction with the following primer pair: 
Forward primer BAGBgl2Fl (buffer sequence/Bgl II rec- 
ognition sequence/Mo-MLV LTR nts 1-22): 

5TATATAGATCTAATGAAAGACCCCACCTGTAGG 
(SEQ ID NO. 15) 
Reverse primer: (SIN nts 2300-2278): 

5'GGTAACAAGATCTCGTGCCGTG (SEQ ID NO. 19) 

PCR amplification of the primer PCR amplicon products 
is accomplished utilizing the primer pair and amplification 
reaction conditions shown above, and using the following 
PCR amplification protocol: 



Temperature (°C) 


Tune (Min.) 


No. Cycles 


94 
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94 


0.5 
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The 25 3' terminal bases of the first primary PCR ampli- 
con product overlaps with the 25 5* terminal bases of the 
second primary PCR amplicon product; the resultant 2,752 
bp overlapping secondary PCR amplicon product is purified 
by 0.8% agarose/TBE electrophoresis, digested with Bgl II, 
and the 2,734 bp product is ligated into pcDNASINbgl/xba 
treated with Bgl II and CLAP. The resulting construction is 
16,656 bps and is designated pVGELVIS. The sequence of 
pVGELVIS is given in FIG. 3 (SEQ. ID NO. 1) Sindbis 
nucleotides are contained within bases 1-11,700 of the 
sequence. 

pVGELVIS plasmid DNA is complexed with LIPO- 
FECTAMINE™ (GIBCO-BRL, Gaithersburg, Md.) accord- 
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ing to the conditions suggested by the supplier (ca. 5 ug 
DNA/8 ug lipid reagent) and added to 35 mm wells con- 
taining BHK-21 cells at approximately 75% confluency. 
Cytopathic effects (CPE), characteristic of wild type Sindbis 
virus infection are observed within 48 hours post-infection. 5 
Addition of 1 ml of transection supernatant to fresh BHK- 
21 monolayers results in CPE within 16 hrs. This data 
demonstrates the correct juxtaposition of viral cDNA and 
RNA polymerase II expression cassette signals in the 
pVGELVIS construct, resulting in the de novo initiation of 10 
an RNA virus from a DNA expression module. 

In order to determine the relative efficiency of the 
pVGELVIS plasmid DNA to initiate infection characteristic 
of wild type Sindbis virus after transfection into BHK cells, 
an infectious centers assay is performed. Briefly, 5 ug of 15 
pVGELVIS plasmid DNA is transfected into BHK-21 cells 
in 35 mm wells as described above, and at 15 hours post 
transfection the cells are trypsinized and serially diluted 
10,000-fold, over 10-fold increments, into 5x10 s untreated 
BHK cells. This transfected and untreated BHK cell mixture 20 
is then added to 35 mm wells. The cells are allowed to attach 
to the plate, and subsequently overlayed with media con- 
taining 1.0% Noble Agar. At 48 hrs post transfection, 
plaques due to cell lysis (as a result of Sindbis virus 
replication) are visualized either directly or after overlaying 25 
with a second layer containing Neutral Red Stain. This 
experiment reveals that the efficiency of the pVGELVIS 
plasmid in generating wild type Sindbis virus after trans- 
fection onto BHK cells is approximately IxlO 4 PFU/ ug of 
plasmid DNA. 30 

Example 3 

PREPARATION OF RNA AND DNA 

ALPHAVIRUS VECTORS 5 
A. CONSTRUCTION OF THE SINDBIS BASIC VECTOR 

A first step in the construction of the Sindbis Basic Vector 
is the generation of two plasmid subclones containing sepa- 
rate elements from the viral 5' and 3* ends. These elements 
may then be utilized in order to subsequently assemble a ^ 
basic gene transfer vector. 

Briefly, the first plasmid subclone is constructed to con- 
tain the 40 terminal nucleotides of the viral 3' end and a 25 
base pair stretch of consecutive dA:dT nucleotides. In 
particular, the following oligonucleotide pairs are first syn- 45 
tbesized: 

Forward Primer. SIN 11664F: (buffer sequence/Not I site/ 
SIN nts 11664-11698): 

5' -TATATATATATGCGG CCGCTTTCTTTTATTAA- 
TCAACAAAAITITGTTlTiAA (SEQ. ID NO. 20) 50 
Reverse Primer SINSac 11700R (buffer sequence/Sac I site 
dT25/SIN nts 11700-11692): 

5 , -TATA TGAGCTCiTrriTriTiTrrrrrrrriT- 

TTTTGAAATGTTAAAA (SEQ. ID NO. 21) 
The above oligonucleotides are then mixed together at 55 
equal molar concentrations in the presence of 10 mM 
MgC^, heated to 100° C. for 5 minutes and cooled slowly 
to room temperature. The partially double-stranded mol- 
ecule is then filled in using Klenow DNA polymerase and 50 
uM dNTPs. The resultant 89 bp molecule is then digested 60 
with Not I and Sac I, purified on a 2% NuSieve/1% agarose 
gel, and ligated into pKS 11+ plasmid (Stratagene, La Jolla, 
Calif.), prepared by digestion with Not I and Sac 1 and 
treatment with C1AP, at a 10:1 molar excess of insert: vector 
ratio. This construction is designated pKSID'SIN. 65 

The second plasmid subclone is constructed to contain the 
first 5* 7,643 nucleotides of Sindbis, and a bacteriophage 
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RNA polymerase promoter is positioned at the viral 5 f end 
such that only a single non-viral nucleotide is added to the 
authentic viral 5* end after in vitro transcription. Briefly, the 
3' end of this clone is derived by a standard three tempera- 
ture PCR amplification with a reverse primer having the 
sequence shown below. 

Reverse Primer SINXho7643R (buffer sequence/Xho I site/ 
SIN nts 7643-7621): 

5TATATCTCGAGGGTGGTGTTGTAGTAJTAGTCAG 
(SEQ. ID NO. 22) 

The reverse primer maps to viral nucleotides 7643-7621 
and is 41 bp downstream from the junction core element 3' 
end. Additionally, viral nucleotide 7643 is 4 nucleotides 
upstream from the structural protein gene translation initia- 
tion codon. The first five 5 f nucleotides in this primer are 
included to serve as a 'buffer sequence' for the efficient 
digestion of the PCR amplicon products, and are followed 
by 6 nucleotides comprising the Xho I recognition sequence. 

The forward primer in this reaction is primer 2A 
(described in Example IX having the following sequence: 

ATACTAGCCACGGCCGGTATC (SEQ. ID NO. 6) 

The 4510 bp amplicon product, resulting from the PCR 
amplification shown above with pVGSP6GENrep plasmid 
(described in Example 1) as template, is digested with the 
enzymes Sfi I and Xho I. The resultant 2526 bp fragment is 
gel purified. Sindbis cDNA clone pVGSP6GENrep is also 
digested with Apa I and Sfi I, and the resultant 5144 bp 
fragment which includes the SP6 RNA polymerase promoter 
at its 5' end is gel purified. The 5144 bp fragment is ligated 
together with the 2526 bp fragment from above, along with 
Apa I and the Xho I digested CIAP treated pKS 11+ plasmid. 
A clone is isolated having the Sindbis nucleotides 1-7643 
including the RNA polymerase promoter at its 5' end con- 
tained in the pKSD+ plasmid vector. This construction is 
designated pKSBS'SIN. 

Assembly of the complete basic vector is accomplished 
by digesting pKSII5'SIN with Xho I and Sac I, treating with 
CIAP, and gel purifying of a large 10,533 bp fragment. The 
10,533 bp fragment is then ligated together with a 168 bp 
small fragment resulting from digestion of pKSII3'SIN with 
Xho I and Sac I. This resultant construction is designated 
pKSSINBV(also known as SINDBIS basic vector, see FIG. 
4). 

B. CONSTRUCTION OF SINDBIS LUCIFERASE VEC- 
TOR 

Hie firefly lucif erase reporter gene is inserted into the 
Sindbis Basic Vector in order to demonstrate the expression 
of a heterologous gene in cells transfected with RNA that is 
transcribed in vitro from the Sindbis vector clone, and to 
demonstrate the overall functionality of the Sindbis basic 
vector. 

Construction of the Sindbis lucif erase vector is performed 
by assembling together components of 3 independent plas- 
mids: pKSILS'SIN, pKSIB'SIN, and pGL2-basic vector. The 
pGL2-basic vector plasmid (Promega, Madison, Wis.) con- 
tains the entire firefly luciferase gene. Briefly, the luciferase 
gene is first inserted into the pKSIB'SIN plasmid. This is 
accomplished by digesting pGL2 with Bam HI and Hind III, 
and gel purifying a 2689 bp containing fragment. This 
fragment is ligated with a gel purified 3008 bp large frag- 
ment resulting from digestion of pKSIB'SIN with Bam HI 
and Hind III and treatment with CIAP. The resultant con- 
struction is designated pKSII3'SIN-ruc. 

Final assembly of a Sindbis luciferase vector is accom- 
plished by digesting pKSII5'SIN with Xho I and Sac I, 
treating with CIAP, and gel purifying the large 10,533 bp 
fragment. The pKS 5*SIN 10,533 bp fragment is ligated 
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together with the 2854 bp small fragment resulting from S'-ATACTAGCCACGGCCGGTATC (SEQ. ID NO. 6) 

digestion of pKSII3'SIN-luc with Xho I and Sac I. This The 4,464 bp amplicon resulting from a PCR reaction 

construction contains the entire Sindbis nonstructural gene with pKSSlNBV template and using the primer pair 

coding region and 3' viral elements necessary for genome described above is digested with Sfi I and Apa I and the gel 

replication, as well as the firefly luciferase gene positioned 5 purified 2,480 bp fragment is ligated together with the gel 

between these two viral 5* and 3* elements. This vector is pur ified 5,142 bp fragment resulting from the digestion of 

designated pKSSINB V-luc (also known as SINDBIS- pK SSINBV with Apa I and Sfi I, and with the gel purified 

Aism iKFPrrpn phk ?1 ppi i s ™ ih Apa 1 and from tbe treatment Wlth C1AP Th* 

AINU irtrtLK* i tuj joriiv-zi utiLL^ construction, comprised of Sindbis nucleotides 1-7597, 

In order to test the functionality of the Sindbis Basic . , ' . • tU • * ^ n_ J 

Vector, the expression of luciferase in cells transfected with ^hiding the changes m the junction region described 

RNA transcribed in vitro from Sac I-linearized pKSSINBV- and ,nclud fS * e b ^ n ^fJj^ 0iCT attached to 

luc, as described in Example 1, is tested Smdbis nt 1 15 rcferred to 35 pKS5'SINdUR. 

In addition, a complementary packaging vector, which is Final construction of the inactivated junction region vec- 

deleted of most of the non structural gene region, is con- 15 tor k accomplished by ligation of the 7,622 bp large Sindbis 

structed by digestion of pVGSP6GENrep with Bsp EI and fragment resulting from digestion of pKS5*SINdUR with 

re-ligation under dilute conditions. This construction, des- Apa I, with the 3,038 bp fragment resulting from digestion 

ignated pVGSP6GENdlBsp (also known as "dl Bsp EI") is of pKSII3'SIN with Apa I and treatment with CIAP. The 

deleted of nonstructural gene sequences between bases positive orientation of the 5' Sindbis element, relative to the 

422-7,054, and is shown schematically in FIG. 5. Transcrip- 20 3* Sindbis element, is confirmed by restriction endonuclease 

tion in vitro of Xba I-linearized pVGSP6GENdlBsp is as analysis. This construction is referred to as pKSSINBVdlJR. 

described in Example 1. Transfections and co-transfections Initiation and synthesis of subgenomic mRNA cannot 

are performed by complexing in vitro transcription products occur from tbe pKSSINBVdlJR vector. In order to prove this 

with UPOFECTIN™ and applying to BHK-21 cells. The supposition, comparative RNase protection assays using the 

expression of luciferase in transfected cells is tested 18 ^ pKSSINBV and pKSSINBVdlJR vectors are performed, 

hours after transfection. Additionally, 1 ml of the transfec- Briefl a 3 2p _ end labded rna probe complementary in part 

^^ ra f i ^ t j s " sedtoin f ect a confluent monolayer of to me • ^ ^ including the subgenomic RNA 

S ex P ression of luciferase is tested at 24 poim a ^ flt ^ ^ ^ to hybridize ^ the 

m_ ™ V c .1. - * * i- ■ T-T/-. j viral RNA resulting from the transfection of BHK-21 cells 

The results of this experiment shown in FIG. 6, demon- _ . . 4 , vcc „mw j vcciMnvjim ^ ~. 

strate clearly abundant reporter gene expression follows 30 ™* the P™?™ v ^ pKSSINBVdlJR vectors. The 

transfection of BHK-21 cells with in vitro transcribed RNA ^ I"^° n , f** demonstratcs «»»» <f lls transfected 

from pKSSINBV-luc, and transfer (e.g., packaging) of the w ' th pKSSINBV have two fragments, of genomic and 

expression activity when cells are co-transfected with in !^ ge °?™ C L SpeClfi ? ty ' " ,ls P 1 ^" 

vitro transcribed RNA from pVGSP6GENdlBsp. INBVdlJR have only a single fragment of genomic speci- 

D CONSTRUCTION OF ALTERED JUNCTION 35 ""ty- Ttes 6 results prove that the junction region in the 

REGION SINDBIS VECTORS pKSSINBVdlJR vector is indeed inactivated. 

In order to inactivate the Sindbis viral junction region, ! ? order t0 translation of genomic RNA from the 

nucleotides within the NSP4 carboxy terminus and junction "P" corresponding to the subgenom.c RNA message, the 

region overlap are changed, and the vector nucleotides luciferase reporter gene B inned into the inactivated 

corresponding to Sindbis are terminated prior to the subge- 40 J" nctl0D a &°? v ! ctor P^^VdlJR describ< * 1 above - 

nomic initiation point at Sindbis nt 7598. This construction }}* coostrucUon is accomplished by digesting the pKSS- 

is shown schematically in FIG. 7. INBVdlJR with Xho I and Sac L treating with CIAP, and gel 

Briefly, a fragment is PCR amplified from the pKSSINBV 10 T 197 b ? &agm . en ?- /J^ 11 ^, 

clone under nonstringent reaction cycle conditions utilizing VdUR £ra 8 nlen ! » ^ed together with 2854 bp smaU 

a reverse primer having the following sequence: 45 r f su,Un f *?? <Hcstion of P KSn3'SIN-luc with 

TATATGGGCCCTTAAGACCATCGGAG ^ c h L c °°^ Iuctl0D co f ta,ns * e e . ntlre 

CGATGCTTTATTTCCCC (SEQ. ID NO.23) Sindbis nonstructural gene c«hng region termmatingm an 

t,*" ji ju *u i . * inactivated junction region at Smdbis nt 7597, and 3* viral 

The underlined bases in the reverse primer relate to , J -r t . . . c „ 

i **j _u u- u i_ j * *i_ * ** • elements necessary for genome replication; the firefly 

nucleotide changes which can be made in the junction region ^ , . e • \ j if .„ - i & j i 

**u * or , , , J , , x .„ f 50 luciferase gene is placed between these two viral 5' and 3* 

without affecting the coded ammo acid (see below). All of . . f,. \ . . vprixmujun * 

tU , # . , ? . v ' elements. This vector is known as pKSSINBVdlJR-luc. 

the nucleotide changes are transversions. ™ - v t - 4 . 

n ( ac Men 7T ■ i * -Tcon ^crvA The expression of the reporter gene from the 

3 end of NSP 4 (viral nts 7580-7597). vccixrm/jim x. ^ . / , . & r . ^..^ 

v 7 pKSSINBVdUR-hic vector is tested in transfected BHK-21 

cells. Translation of functional luciferase protein is deter- 

Tcr cta ogg tgg TCC taa (SEQ. id no. 24) 55 mined by the luciferin luminescent assay, using a luminom- 

ser leu arg bp ser stop (SEQ. ID NO. 25) eter for detection. The sensitivity in this assay is lxlO" 20 

G c A T moles of luciferase. Given that the molecular weight of 

(resulting oi changes from reverse primer) luciferase is 62,000 daltons, this limit of detection trans- 
forms to 6,020 molecules. Thus, in a typical experiment if 

The reverse primer is complementary to Sindbis nts 60 only 0.6% of the lxlO 6 cells contained in a 60 mM petri dish 

7597-7566 (except at nucleotides, as shown, where junction are transfected with the pKSSINBVdlJR-luc vector, and if 

region changes were made), and includes at its 5* end the 6 these transfected cells express only a single functional 

nucleotide Apa I recognition sequence following a 5 1 termi- molecule of luciferase, the enzymatic activity is detected by 

nal TATAT tail 'buffer sequence' for efficient enzyme diges- the assay used. It is important to demonstrate in this experi- 

tion. 65 ment that the junction region of the pKSSINBVdUR-luc 

The forward primer in this reaction is primer 2A vector is inactivated. This is accomplished by an RNase 

(described in Example 1), having the following sequence: protection assay, comparing the viral RNA's synthesized in 
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cells transfected with the pKSSINBVdUR-luc and the 
pKSSINBV-luc vectors, using the probe described above. 

The minimal -19— *+5 junction region core oligonucle- 
otide pair, comprised of Sindbis nts 7579-7602, is synthe- 
sized in vitro, and flanked with Apa I and Xbo I recognition 
sequences as shown: 
oligonucleotide 1 

S'-CATCTCTACGGTGGTCCTAAAXAGTC (SEQ. ID 
NO. 26) 
oligonucleotide 2 

S'-TCGAGACTATTTAGGACCACCGTAGAGATGGGCC 
(SEQ. ID NO. 27) 
The oligonucleotides above are mixed together in the pres- 
ence of 10 mM Mg 2 *, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The annealed oligo- 15 
nucleotides are ligated at a 25:1 molar ratio of insert to the 
pKSSINBVdlJR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 20 
the 10,655 bp fragment, and treatment with CLAP. This 
vector containing the entire nonstructural protein coding 
region which terminates in an inactivated junction region 
core, attached to a synthetic junction region core and fol- 
lowed by 3' viral elements required for replication, and 25 
contained in the pKSII+ plasmid, is known pKSSINdURsjrc. 

In order to regulate the level of subgenomic mRNA 
synthesis, further modifications of the tandemly inserted 
synthetic junction region core in plasmid pKSSINdURsjrc 
are performed. These modifications of the junction region 
core may be accomplished by at least two approaches: 
nucleotide changes within the junction region core; or 
extension at the 5' and 3* junction region core termini of 
flanking Sindbis nucleotides, according to authentic viral 
sequence. The minimal junction region core, spanning viral 
nts 7579-7602 is shown below: 

S'-ATCTCTACGGTGGTCCTAAArAGT (SEQ. ID NO. 

By comparing genomic sequence between eight 
alphaviruses, it has been shown previously that there is 40 
sequence diversity within the junction region core. Shown 
below, for particular junction region locations, is the Sindbis 
nucleotide followed by the corresponding nucleotide found 
in other alphaviruses: 

45 



different viruses. In any event, the junction region changes 
presented herein regard the tandemly inserted junction 
region core, from which no NSP protein synthesis occurs. 
Discussed above, translation of the entire NSP region occurs 
from the pKSSINBVdlJR construct. Junction region 
changes at Sindbis nts 7600 and 7602 are downstream of the 
NSP 4 termination codon and upstream of the structural 
proteins initiation codon. 

Locations of nucleotide differences within the junction 
region core observed between the several alphavirus strains 
are referred to here as permissive changes. Locations of 
nucleotides within the junction region core corresponding to 
conserved sequences between the several alphavirus strains 
are referred to here as nonpermissive changes. 

To decrease the level of subgenomic mRNA initiation 
from the synthetic junction region core, changes are made 
separately within nucleotides corresponding to permissive 
changes, and within nucleotides corresponding to nonper- 
missive changes. Junction region nucleotides corresponding 
to permissive changes are given in the table above. Fourteen 
junction region nucleotides for which no changes are 
observed among the eight alphaviruses sequenced (Semliki 
Forest virus, Middleburg virus, Ross River virus, O'Nyong 
Nyong virus, Eastern Equine Encephalitis virus, Western 
Equine Encephalitis virus, and Venezuelan Equine Encepha- 
litis virus) are given below: 
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Nucleotide 




Permissive 


Number 


Sindbis 


Change 


7579 


A 


C 


7580 


U 


C 


7581 


C 


u 


7583 


C 


G 


7589 


U 


C 


7590 


G 


U 


7591 


G 


A 


7592 


U 


A 


7600 


A 


UorG 


7602 


U 


G oi A 
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Junction region changes at Sindbis nts 7579, 7580, 7581, 
7583, 7589, 7590, 7591, 7592, result in potential amino acid 
coding changes within all 5 codons of the carboxy terminus 
of NSP 4 which overlap in the junction region. These 
changes observed in the junction region between alphavi- 
ruses at the level of NSP 4 coding potential and at the level 
of junction region cis activity may represent either, or both, 
permissive changes in NSP 4 and the junction region which 
do not affect functionality, or on the other hand, simply 
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Nucleotide Number 

7582 
7584 
7585 
7586 
7587 
7588 
7593 
7594 
7595 
7596 
7597 
7598 
7599 
7601 



Changes within the junction region observed among 
alphaviruses may reflect a specific interaction between a 
given alphaviral RNA polymerase and its cognate junction 
region. Thus, changes among the "permissive" nucleotides 
may result in as marked a decrease in the subgenomic 
mRNA synthesis levels as changes among the "nonpermis- 
srve** nucleotides of the junction region. On the other hand, 
these may indeed be sites of permissive change within the 
junction region core. 

The single authentic nonpermissive change within the 
junction region core is likely Sindbis nt 7598, corresponding 
to the subgenomic mRNA initiation point. Changes of this 
nucleotide in the tandemly inserted junction region core of 
plasmid pKSSINdURsjrc are not described here. 

Substitution of the permissive nucleotides in toto in the 
synthetic minimal -19-*+5 junction region core, is accom- 
plished with the following oligonucleotide pair, synthesized 
in vitro, and flanked with Apa I and Xho I recognition 
sequences as shown: 
oligonucleotide 1 

5 -CCCHTGTACGGCTAACCTAAAGGAC (SEQ. ID 
N0.28) 
oligonucleotide 2 

5'-TCGAGTCCTnTAGGTIAGCCGTACAAGGGGGCC 
(SEQ. ID NO.29) 
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The oligonucleotides above are mixed together in the pres- 
ence of 10 mM Mg, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The annealed oligo- 
nucleotides are ligated at a 25:1 molar ratio of insert to the 
pKSSlNBVdUR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 
the 10,655 bp fragment, and treatment with CIAP. This 
vector is known as pKSSINdURsjrPc. 

Each of the 13 (nt 7598 not changed) nonpennissive 
nucleotides in the junction region core are changed 
individually, using the following rules, resulting in the most 
drastic transversional substitution: 

A— C 

T-*G 

G->T 

C—A 

For example, nt 7582 is changed from T-*G, using the 
following oligonucleotide pair, synthesized in vitro, and 
flanked with Apa I and Xho I recognition sequences as 
shown: 

oligonucleotide 1 

S'-CATCGCTACGGTGGTCCTAAATAGTC (SEQ. ID 
NO. 30) 
oligonucleotide 2 

5'-TCGAGACTATTTAGGACCACCGTAGCGArGGGCC 
(SEQ. ID NO. 31) 

(Nucleotides effecting transversion in nonpennissive 
junction region sites shown in boldface type) 
The oligonucleotides above are mixed together in the pres- 
ence of 10 mM Mg 2 *, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The annealed oligo- 
nucleotides are ligated at a 25:1 molar ratio of insert to the 
pKSSlNBVdUR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 
the 10,655 bp fragment, and treatment with CLAP. This 
vector is known pKSSINdURsjrNF7582. 

Using the transversion change rules shown above, 
changes in each of the 12 remaining nonpennissive sites in 
the junction region core are made with 12 separate oligo- 
nucleotide pairs, flanked with Apa I and Xho I recognition 
sites, as described above. These vectors are known as: 

pKSSINdURsjrNP7584 

pKSSINdURsj rNP7585 

P KSSINdURsjrNP7586 

P KSSINdLTRsjrNP7587 

P KSSINdlJRsjrNP7588 

P KSSINdURsjrNP7593 

pKSSINdURsjrNP7594 

pKSSINdURsjrNP7595 

pKSSINdURsj rNP7596 

pKSSINdURsjrNP7597 

pKSSINdURsjrNP7599 

pKSSINdURsjrNF7601 

In order to test the relative levels of subgenomic mRNA 
synthesis, the luciferase reporter gene is inserted into the 
modified tandem junction region vectors. This construction 
is accomplished by digesting with Xho I and Sac I and 
treating with CIAP the tandemly inserted synthetic junction 
region core vectors and gel purifying the resulting approxi- 
mate 10,200 bp fragment The treated vector fragment is 



then ligated together with the 2854 bp small fragment 
resulting from digestion of pKSIB'SIN-Iuc with Xho I and 
Sac I. These constructions contain the entire Sindbis non- 
structural gene coding region terminating in an inactivated 
junction region at Sindbis nt 7597, the tandemly inserted 
synthetic junction region core (modified or unmodified), the 
firefly luciferase gene, and 3' viral elements necessary for 
genome replication. The names of these vectors are as 
follows: 



10 



15 



30 



35 



40 



45 



50 



Sindbis-hiciferase vector 



Tkndemly Insetted 
Junction Region 
Modification 



25 



pKSSINdlJRsjrc-luc 

pKSStNdlJRsjrPc-luc 

pKSSINdlJRsjrNP7582-h2C 

pKSSINdlJRsjrNP7584-luc 

pKSSINdlJRsjrNP7585-luc 

P K5SINdlJRsjrNP7586-luc 

P KSSINdlJRsjrNP7587-luc 

pKSSINdlJRsjrNP7588-hic 

P KSSINdlJRsjrNP7593-tuc 

pKSSINdlJRsjrNP7594-hic 

pKSS£NdlJRsjrNP7595-hic 

pKSS[NdlJRsjrNP7596-hic 

pKSSrNdlJRsjrNP7597-hic 

pKSSINdlJRsjrNP7599-luc 

pKSStNdlJRsjrNP7601-luc 



not modified 
permissive changes 
nonpennissive change 



Assuming that the translation efficiencies are equivalent 
in all of the luciferase vectors shown immediately above, the 
relative levels of subgenomic synthesis are determined by 
comparing the levels of luciferase production at 16 hours 
post-transfection of BHK-21 cells. The relative levels of 
subgenomic transcription are determined by comparing 
luciferase production by the vectors pKSSINBV-luc and 
pKSSINdlJRsjrc-luc with all of the modified junction region 
luciferase vectors shown above. 

Vectors containing the tandemly inserted synthetic junc- 
tion region core (pKSSINdURsjrc, and derivatives thereof) 
should have a lower level of subgenomic mRNA expression, 
relative to the pKSSINBV construct Therefore, in certain 
embodiments, it may be necessary to increase the level of 
subgenomic mRNA expression observed from the pKSS- 
INdURsjrc vector. This may be accomplished by extension 
at the 5* and 3' synthetic junction region core termini with 11 
additional flanking Sindbis nucleotides, according to the 
authentic viral sequence. 

Hie synthetic oligonucleotide pair shown below is syn- 
thesized in vitro, and contains 46 Sindbis nts, including all 
24 nts (shown in boldface type) of the minimal junction 
region core. The Sindbis nts are flanked with the Apa I and 
Xho I recognition sequences as shown: 
oligonucleotide 1 

5-CGGAAATAAAGCATCTCTACGGTGGTCCTAA- 
ATAGTCAGCATAGTACC (SEQ. ID NO. 32) 
55 oligonucleotide 2 

5'-TCGAGGTACTATG CTGACTATTTAGGACCAC- 
CGTAGAGATGCTTTA TTTCCGGGCC (SEQ. ID 
NO. 33) 

The oligonucleotides above are mixed together in the pres- 
ence of 10 mM Mg, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The annealed oligo- 
nucleotides are ligated at a 25:1 molar ratio of insert to the 
pKSSlNBVdUR vector, prepared accordingly: complete 
digestion with Xho I, followed by digestion with Apa I under 
partial conditions, resulting in one Apa I induced cleavage 
per molecule (of two cleavages possible), gel purification of 
the 10,655 bp fragment, and treatment with CLAP. This 
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vector containing the entire nonstructural protein coding tion sequences at the 3'-end of luciferase must be removed 
region which terminates in an inactivated junction region so that when the pre-RNA, transcribed from the plasmid 
core, attached to an extended synthetic junction region, and DNA luciferase vector after transfection into cells, is pro- 
followed by 3' viral elements required for replication, and cessed the 3*-end of the reporter gene is not separated from 
contained in the pKSII+ plasmid, is known pKSSINdlR- 5 the Sindbis vector 3*-end. The Sindbis 5'- and 3*-ends 
sexjr. contained within the p VGELVIS-SI NBV vector are required 
In order to test the relative levels of subgenomic mRNA in cis for the autocatalytic replication activity of the vector, 
synthesis, the luciferase reporter gene is inserted into the The Sindbis vector 3'-end is required for initiation of syn- 
extended tandem junction region pKSSINdURsexjr vector. thesis of the antigenomic strand, which is the template for 
This construction is accomplished by digesting the pKSS- 10 the subgenomic RNA encoding the heterologous or reporter 
INdLTRsexjr plasmid with Xho I and Sac I, treating with protein. 

ClAP, and gel purifying the resulting approximate 10,200 bp The SV40 RNA processing signals positioned at the 

fragment. The thus-treated vector fragment is ligated 3*-end of the luciferase gene are removed from the SIN-BV- 

together with the 2854 bp small fragment resulting from luc construction described in section B above. The modified 

digestion of pKSIlB'SIN-luc with Xho I and Sac L This 15 luciferase fragment is then placed in the pVGELVIS-SINBV 

construction contains the entire Sindbis nonstructural gene construction described above via unique restriction sites. 

coding region terminating in an inactivated junction region The alteration of the luciferase gene is accomplished with 

at Sindbis nt 7597, the tandemly inserted extended synthetic the primer pair shown below: 

junction region, the firefly luciferase gene, and 3' viral Forward primer 7328F (SIN nts 7328-7349) 

elements necessary for genome replication. The name of this 20 5'-GTGGCGG AXCCCCTGAAAAGG (SEQ. ID NO. 10) 

vector is pKSSINdllRsexjr-luc. Reverse primer LucStop (buffer sequence/Not I. Xba I 

The relative levels of subgenomic transcription are deter- recognition sequences/pGL-2 nts 1725-1703) 

mined by comparing luciferase production by the 5 ' -TATATG C G G CCG CTCTAG ATTAC AATTTGG - 

pKSSINdURsexjr-hic vector with the pKSSINBV-luc and ACTITCCGCCC (SEQ. ID NO. 34) 

pKSSINdURsjrc-luc vectors. 25 The primers shown above are used in a PCR reaction with 

E. CONSTRUCTION OF PLASMID DNA ALPHAVIRUS a three temperature cycling program using a 3 minute 

EXPRESSION VECTORS extension period. The amplification products are purified 

The SINDBIS basic vector and SINDBIS-luciferase con- with GENECLEAN™, digested with Xho I and Xba I, 
structs described in sections A and B of Example 3, above, purified again with GENECLEAN™, and the 2,037 bp 
are inserted into the pVG ELVIS vector configurations 30 fragment is ligated into the 13,799 bp fragment of 
described previously in Example 2 such that expression of pVGELVIS-SINBV resulting from digestion with Xho I and 
the heterologous gene from Sindbis vectors occurs after Xba I, and treatment with CIAP. This construction is known 
direct introduction of the plasmid DNA into cells. As as pVGELVIS-SINBV-hic (abbreviated as ELVIS-luc). 
described in Example 2, the ability to transfect alphavirus- The expression of luciferase in BHK-21 cells transfected 
based vector plasmid DNA directly onto cells resulting in 35 with pVGELVIS-SINBV-luc DNA is measured in order to 
expression levels of heterologous genes typical of transfec- demonstrate that the Sindbis physical gene transfer vector is 
tion of RNA-based alphavirus vectors, without a primary functional. Briefly, 5 ug of pVGELVIS-SINBV-luc DNA or 
step consisting of in vitro transcription of linearized tem- 5 ug of in vitro transcribed RNA from linearized SINBV-luc 
plate vector DNA, enhances greatly the utility and efficiency template as described in section B, above, are complexed 
of certain embodiments of the alphavirus-based expression 40 with 10 ul of LIPOFECTAM 1NE™ or L1POFECTIN™, 
vector system. FIG. 8 is a schematic representation of one respectively, and transfected into 5x10 s BHK-21 cells con- 
mechanism of expression of heterologous genes from a tained in 35 mM petri plates. The luciferase activity is 
plasmid DNA alphavirus expression (ELVIS) vectors. Pri- determined from each of three samples at 2, 4, 8, 16, 20, 28, 
mary transcription in the nucleus and transport of the vector 48, 72, 96, and 120 hrs. post transfection. The results of this 
RNA to the cytoplasm leads to the synthesis of alphavirus 45 study, given in FIG. 9, demonstrate that the maximal level 
nonstructural proteins which catalyze the expansion of het- of reporter gene expression from the pVGELVIS-SINBV-luc 
erologous gene mRNA via an antigenome intermediate vector is similar to that observed in cells transfected with in 
which in turn serves as the template for production of vitro transcribed RNA from linearized SINBV-luc template, 
genomic and subgenomic mRNA The ELVIS vectors may However, the luciferase activity expressed from the 
be introduced into the target cells directly by physical means 50 pVGELVIS-SINBV-luc vector is at maximal levels at later 
as a DNA molecule, as a complex with various liposome time points compared to that observed with the SINBV-luc 
formulations, or as a DNA ligand complex including the RNA vector, and continues at high levels while the activity 
alphavirus DNA vector molecule, a polycation compound from the RNA vector begins to diminish, 
such as poly lysine, a receptor specific ligand, and, The following experiment is performed in order to dem- 
optionally, a psoralen inactivated virus such as Sendai or 55 onstrate the level of enhancement of heterologous gene 
Adenovirus. expression provided by the ELVIS vector system compared 

The first step of constructing one representative plasmid to the same RNA polymerase II promoter linked directly to 

DNA Sindbis expression vector consists of digesting pKSS- the luciferase gene reporter. Briefly, the Sindbis NSPs are 

INBV with Sac I, blunting with T4 polymerase, digesting first deleted from the pVGELVIS-SINBV-luc vector in order 

with Sfi I, isolating the 2,689 bp fragment, and ligating into 60 to demonstrate the requirement for the viral enzymatic 

the pVGELVIS 10,053 bp vector fragment prepared by proteins for high levels of reporter gene expression. This is 

digestion with Xbal, blunting with T4 polymerase, digesting accomplished by digestion of pVGELVIS-SINBV-luc DNA 

with Sfi I, treatment with CIAP, and 1% agarose/TBE gel with Bsp EI, purification with GENECLEAN, and ligation 

electrophoresis. This construction is known as pVGELVIS- under dilute conditions. This construction is deleted of 

SINBV. 65 nonstructural gene sequences between bases 422-7,054 and 

In order to insert the luciferase gene into the pVGELVIS- is analogous to the pVGSP6GENdlBsp construction 

SINBV vector, the SV40 intron and transcription termina- described in Example 3, section C above and shown sche- 
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matically in FIG. 5. The construction described here is cells co-transfected with RNA or ELVIS vectors. Thus, the 

known as pVGELVIS-SINBVdlBsp-luc (abbreviated as ELVIS vectors are used not only as plasmidDNA expression 

dlNSP ELVIS-luc). To link the luciferase gene directly to the vectors, but additionally expression and helper vector 

MoMuLV LTR, the reporter is first inserted into the ELVIS constructs can be cotransfected into cells to generate 

pCDNA3 vector (Invitrogen, San Diego, Calif.) between the 5 recombinant vector particles. 

Bam HI and Hind III sites. The luciferase fragment is F. CONSTRUCTION OF MODIFIED DNA-BASED 

derived from pGL2 plasmid exactly as described in Example ALPHAVIRUS EXPRESSION VECTORS 

3 section B, above, and inserted into the 5428x bp fragment The overall efficiency of the ELVIS vector, as determined 

of pCDNA3 prepared by digestion with Hind III and Bam Dv l evel ° f heterologous gene expression, is enhanced by 

HI, treatment with CIAP, and purification on a 1% agarose/ 10 several modifications to the pVGELVIS-SINBV-luc vector. 

TBE gel This construction is known as pCDNA3-luc. The These modifications include alternate RNA polymerase II 

U3 region of the MoMuLV LTR is amplified from the BAG promoters and transcription termination signals, the addition 

vector using the PCR primers shown below as described in °f intron sequences and ribozyme processing signals in the 

Example 2. vector construct, and substitution with a smaller plasmid 

Forward primer: BAGBgl2FI (buffer sequence/Bgl U rec- 15 vector backbone. The construction of these modified ELVIS 

ognition sequence/Mo-MLV LTR nts 1-22) vectors is detailed below. 

S'-TATArAGArCrAATGAAAGACCCCACCTGTAGG ^ modified ELVIS vector is assembled on the plasmid 

(SEQ. ID NO. 15) vector pBGS131 (ATCC #37443) which is a kanamycin 

Reverse primer BAGwt441R2 (SIN nts 5-1/Mo-MLV LTR resistant analogue of pUC 9 (Spratt et al., Gene 41:337-342, 

nts 441-406): 20 ^6). f*r°pagation of pBGS131 is in LB medium with 10 

S'-TCAATCCCCGAGTGAGGGGTTGTGGGCTCTT- ug^ kanamycin. 

TTATTGAGC CSEO ID NO 16) transcnpuon termination signals from the SV40 early 

The amplification products are purified with region or Bovine growth horaone areinserted between the 

GENECLEAN and the ends are first blunted with T4 DNA Sac I and Eco RI sites of pBGS131. Hie SV40 nts between 

polymerase, then digested with Bgl II, purified with 25 ^ nts 2643 to 2563 °° ntainin g *e *fy rc *P°° transcrip- 

GENE CLEAN™ and ligated into the pCDNA3-hic plasmid Uon terminabon sequences are isolated by PCR ampkfica- 

prepared by digestion with Hind III, blunting with the the P^P^^ ^low and the pBR322/ 

iaenowenWand50uMd^^ ? V4 ° ^ d <^J^^ ' emplatC * „ w . , 

and purification by 1% agarose/TBE gel electrophoresis. 1°™** j?*™ ^ Sequence/Sac 1 Slte/ 

This construction is known as LTR-hic. 30 SV4 ° nts 2643 " 2613 ) 

The plasmids ELVIS-hic, dlNSP ELVIS-luc, LTR-luc, 5 '-TATATATGAG CTCTAC AAATAAAG CAATAG C- 

and ELVIS-luc dlpro are each complexed with 10 ul of ATCACAAATTTC (SEQ. ID NO. 35) 

LIPOFECTAMINE™ and transfected into 5x10 s BHK-21 Reverse primer RSVTT2563R (buffer sequence/Eco RI site/ 

cells contained in 35 mM petri plates. The luciferase activity SV4 ° nts 2563-2588): 

is determined from each of three samples at 48 hrs. post- 35 5 , -TATATGAATTCG TITGGACAAACCACAACT- 

transfection. The results of this study, given in FIG. 10, AGAATG (SEQ. ID NO. 36) 

demonstrate that the level of heterologous gene expression Th e primers shown above are used in a PCR reaction with 

enhancement provided by the ELVIS system, compared to a three temperature cycling program as described throughout 

the same promoter linked directly to the heterologous gene this example, using a 30 second extension period. The 

is at least 10-fold. The comparatively low level of luciferase 40 amplification products are purified with GENECLEAN™, 

expression in cells transfected with the dlNSP ELVIS-luc digested with Sac I and Eco RI, purified again with 

construction demonstrates that the expression enhancement GENECLEAN™, and the 90 bp fragment is ligated into the 

is a direct result of functional Sindbis NSPs. The autocata- 3,655 bp fragment of pBGS131 resulting from digestion 

lytic amplification of the reporter gene mRNA as depicted in Sac I and Eco RI, and treatment with CIAP. This 

FIG. 8 provides a significant advantage in terms of levels of 45 construction is known as pBGS131-3 f SV40TT 

gene expression, compared to primary transcription from Th e Bovine growth hormone transcription termination 

simple promoter-heterologous gene constructions. Thus, as sequences are isolated by PCR amplification using the 

shown schematically in FIG. 8, after transfection of the primer pair shown below and the pCDNA3 plasmid 

ELVIS vector primary transcription in the nucleus and (Invitrogen) as templa te 

transport of the vector RNA to the cytoplasm leads to the 50 Forward primer BGHTTF (buffer sequence/Sac I site/ 

synthesis of Sindbis NSPs which catalyze the expansion of pCDNA3 nts 1132-1161): 

heterologous gene mRNA via an an ti genome intermediate 5* -TATATATGAG CTCTAATAAAATGAGGAAATTG- 

which in turn serves as the template for production of CATCGCATTGTC (SEQ. ID NO. 37) 

genomic and subgenomic mRNA. Reverse primer BGHTTR (buffer sequence/Eco RI site/ 

An experiment is performed to demonstrate the expres- 55 pCDNA3 nts 1180-1154): 

sion and rescue of RNA- and plasmid DNA (ELVIS)-based 5'-TATATGAATTCATAGAATGACACCTACFCAG- 

Sindbis expression vectors. For the RNA vectors, 5x10 s ACAATG CGATGC (SEQ. ID NO. 38) 

BHK-21 cells contained in 35 mM petri plates are trans- The primers shown above are used in a PCR reaction with 

fected with SIN-luc RNA, or co-transfected with SIN-luc a three temperature cycling program, using a 30 sec. exten- 

RNA and SINdlBspEI RNA, complexed with LIPOFEC- 60 sion period. The amplification products are purified with 

TIN™. For the ELVIS vectors, 5x10 s BHK-21 cells con- GENECLEAN™, digested with Sac I and Eco RI, purified 

tained in 35 mM petri plates are transfected with ELVIS-luc, again with GENECLEAN™, and the 58 bp fragment is 

or co-transfected with ELVIS-luc and pVGELVISdlBspEI, ligated into the 3,655 bp fragment of pBGS131 resulting 

whose construction is described in Example 7, complexed from digestion with Sac I and Eco RI, and treatment with 

with LIPOFECTAMINE™ . The results of this study, shown 65 CIAP. This construction is known as pBGS131-3'BGHTT. 

in FIG. 23 demonstrate clearly that the level of expression In additional modifications to the ELVIS vector, the 

after transfection and transduction is similar between BHK transcription termination sequences are fused directly to the 
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3'-end Sindbis sequences, resulting in deletion of the poly- described above. The Sindbis vectors containing a polyade- 

adenylate tract; or alternatively the antigenomic ribozyme nylate tract are combined with the plasmid constructions 

sequence of hepatitis delta virus (HDV) is inserted between containing the HDV ribozyme sequence and the SV40 or 

the 3'-poIyadenylate tract of the ELVIS vector and the hqh transcription termination signals. This construction 

transcription termination signals. 5 corresponds to the insertion of pKSSINBV and pKSSINBV- 

The HDV ribozymcK»ntaining construct is generated ^ vector sequences into the pBGS131/HDV/3'SV40TT 

with PCR techniques and overlapping oligonucleotide pnm- ^ pBGS131/HDV/3 ! BGHTT plasmids. Alternatively, the 

ers which contain the minimal 84 nucleotide anUgenomic sindbis vectors tefmiliatill g precisely at & c viral 3'end 

^iT? 6 ^ eDCC ' l atUr ? 350:434 ^> corresponding to viral nt 11,700 are linked directly to the 
1991). In addition to the HDV sequence, the primers contain p,, ~ r>^7i . • ** \ * i -ri- 
n , „ t ... .„ r - ' . r . - t * r 10 SV40 or BGH transcnption termination signals. This con- 
flanking Sac I recognition sites for insertion at the 3* end of 4 . , # r . . - A , 
*t_ ™ wip * i*r\\f -u * j struction corresponds to the insertion of pKSSINB VdlA and 
the ELVIS vector. The HDV ribozyme sequence is generated tr CCT xTDWJi7V * ■ . 4 , Drcni , 
... 4 . t , . . J . 1 , , b pKSSINBVdlA-luc vector sequences into the pBGS131/ 
with the three overlapping primers shown below. um/ntcvM/vrr a D/-cni/iim/nin^irr^ i m 

Forward primer SITOV1F (Buffer sequence/Sac I site/HDV "^^F 1 ™ d pB ™ ^Sv^ 

RR7 y v The Sindbis vectors pKSSINBV and pKSSINBV-luc are 

< ^TATr ArrrrrrrTrrrr ATr^r ATrrrr a 15 di S ested with Sac 1 B g! "> and the 5 ^ 22 b P 

5 ^^^^^SSST^^S?^ (pKSSINBV) or 8211 bp (pKSSINBV-hic) fragments are 

CCTCCTCGCGGTCCG (SEQ. ID NO. 39) v i i * u - j • j 

j . 7rrv»r!'7 v ' purified by 1% agarose/TBE gel electrophoresis and inserted 

Nested primer HDV17-H68: imo tfae Hnearized pB GS131/HDV/3'SV40TT and 

S'-TCCACCTCCTCGCGGTCCGACCTGGGCATCC- p BGS131/HDW3'BGHTT plasmids prepared by digestion 

GAAGGAGGACGCAC GTCCACT-3' (SEQ. ID NO. 20 with Sac I and Bgl H and treatment with CIAP. These 

^) r _ constructions are known as: 

Reverse primer SHDV84R (Buffer sequence/Sac I site/HDV p BGS131/dlproSINBV-luc/HDV/3'SV40riT 

RBZ se ^ ) : pBGS131/dlproSINBV-luc/HDV/3 , BGHTr 

S'-TATATGAGCTCCTCCCTTAGCCArCCGAGTGG- P BGS131/dlproSINBV/HDV/3SV4<nT 

ACGTGCGTCCTCCITC (SEQ. ID NO. 41) 25 p BGS131/dlproSINBV/HDV>3'BGHTr 

The primers shown above are used in a PCR reaction with Using the same strategy described above, the Sindbis 

a three temperature cycling program as described throughout vectors pKSSINBVdlA and pKSSINB VdlA-luc are digested 

this example, using a 30 sec. extension period. The ampli- Sac I and Bgl II, and the 5,497 bp (pKSSINBVdlA) or 

fication products are purified with GENECLEAN™, 8186 bp (pKSSINBVdlA-luc) fragments are purified by 1% 

digested with Sac I, purified again with GENECLEAN™, 30 agarose/TBE gel electrophoresis and inserted into the lin- 

and the 94 bp fragment subsequently is ligated into plasmid earized pBGS 131/3 , SV40TT and pBGS131/3 , BGHTT plas- 

vectors pBGS131-3 , SV4fjriT or pBGS131-3BGHTT that ^ds prepared by digestion with Sac I and Bgl II and 

are digested with SacI under limiting conditions that linear- treatment with CIAP. These constructions are known as: 

ize (cut 1 of 2 sites) and are treated with CIAP. These pBGS131/dlproSINBV-luc/3'SV40TT 

constructions are known as pBGS131/HDV/3'SV40TT and 35 pBGSm/dlproSINBV-luc/S'BGHTT 

pBGS131/HDV/3'BGHTT Insertion of the HDV ribozyme p BGS131/dlproSINBV/3 , SV40nT 

in both the correct orientation and in the correctSac I site is pBGS131/dlproSINBV/3 , BGHTT 

determined by sequencing. In addition, longer or shorter xh e addition of an RNA polymerase II promoter and 

HDV ribozyme sequences, or any other catalytic ribozyme Sindbis nucleotides 1-2289 is the last step required to 

sequence, may be readily substituted given the disclosure 40 complete the construction of the modified ELVIS expression 

provided herein. vectors of the eight constructions shown below: 

In the second vector 3'-end configuration, the SV40 or pBGS131/dlproSINBV-luc/HDV/3 t SV4fJTT 

BGH trariscription termination signals are fused directly to p BGS131/dlproSINBV-luc/HDV/3 f BGHTT 

the 3'-end of the ELVIS vector corresponding to Sindbis nt p BGS131/dlproSINBV/HDV/3SV40Tr 

11,700 and the polyadenylate tract is deleted. This construe- 45 p BGS131/dlproSINBV/HDV/3 , BGHTT 

tion is accomplished according to the steps outlined above in pBGS131/dlproSINB V-luc/3'S V40TT 

Example 3, sections A and B for the assembly of the p BGS131/dlproSINBV-luc/3 , BGHTT 

pKSSINBV and pKSSINBV-luc vectors. However, in this pBGS131/dlproSINBV/3 , SV40TT 

application the vector 3'-end primer does not contain a 25 pBGS131/dlproSINBV/3 , BGHTT 

polyadenylate tract The 3'-end of the vector is synthesized 50 These eight constructions contain a unique Bgl U restric- 

with the primer pair shown below: ti on sue> corresponding to Sindbis nt 2289. The RNA 

Forward Primer SIN 11664F: (buffer sequence/Not I site/ polymerase II promoter and Sindbis nucleotides 1-2289 are 

SIN nts 11664-11698): inserted into these constructions by the overlapping PCR 

5 ' -TATATG CG G CC G G CTTTATTAATC AAC AAAA- technique described for the pVGELVIS construction in 

TTTTGTTTTTAA (SEQ. ID NO. 42) 55 Example 2. In order to insert the RNA polymerase II 

Reverse Primer SSIN11700R (buffer sequence/Sac I site/ promoter and the 2289 Sindbis nts, the eight constructions 

SIN nts 11700-11655: shown above are digested with Bgl II and treated with CIAP. 

5 '-TATATG AGCTCG AAATGTTAAAAAC AAAATT- The U3 region of the long terminal repeat (LTR) from 

TTGTTG (SEQ. ID NO. 43) Moloney murine leukemia virus (Mo-MLV) is positioned at 

The primers shown above are used in a PCR reaction with 60 the 5' viral end such that the first transcribed nucleotide is a 

a three temperature cycling program as described throughout single G residue, which is capped in vivo, followed by the 

this example, using a 30 sec. extension period. Assembly of Sindbis 5' end. Amplification of the Mo-MLV LTR in the 

the pKSSINBV and pKSSINBV-luc vectors is precisely as first primary PCR reaction is accomplished in a reaction 

shown in Example 3, sections A and B. These constructions containing the BAG vector (Price et ah, PNAS 84:156-160, 

are known as pKSSINBVdlA and pKSSINBVdlA-luc. 65 1987) and the following primer pair: 

The ELVIS expression vectors are assembled further onto Forward primer BAGBgl2Fl (buffer sequence/Bgl II rec- 

the various 3 f end processing plasmid constructions ognition sequence/Mo-MLV LTR nts 1-22): 
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S-TATATAGATCTAATGAAAGACCCCACCTGTAGG The primers shown above are used in a PCR reaction with 

(SEQ. ID NO. 15) a three temperature cycling program using a 1 minute 

Reverse primer BAGwt441R2 (SIN nts 5-1/Mo-MLV LTR extension period. 

nts 441-406): Amplification of the Sindbis 5* end in the second primary 

S'-TCAATCCCCGAGTGAGGGGTTGTGGGCTCT- 5 PCR reaction is accomplished in a reaction containing the 

VTATTGAGC (SEQ. ID NO. 16) pVGSP6GENrep clone and the following primer pair: 

The primers shown above are used in a PCR reaction with Forward primer: CM VSIN1F (CMV pro nts 1124-1142/SIN 

a three temperature cycling program using a 30 second nts 1-20): 

extension period. 5 '-GCTCGTTTAGTG AACCGTATTG ACGGCGTAGT- 

Amplification of the Sindbis 5* end in the second primary 10 ACACAC (SEQ. ID NO. 46) 

PCR reaction is accomplished in a reaction containing the Reverse primer: (SIN nts 3182-3160): 

pVGSP6GENrep clone and the following primer pair: 5-CTGGCAACCGGTAAGTACGATAC (SEQ. ID NO. 

Forward primer (Mo-MLV LTR nts 421-441/SIN nts 18 ) 

1-16): The primers shown above are used in a PCR reaction with 

5'-CCACAACCCCTCACTCGGGGATTGACGGCG- 15 a three temperature cycling program using a 3 minute 

TAGTAC (SEQ. ID NO. 17) extension period. 

Reverse primer: (SIN nts 3182-3160): The 600 bp and 3200 bp products from the primary PCR 

5*-CTGGCAACCGGTAAGTACGATAC (SEQ. ID NO. reactions are purified with GENECLEAN™ , and used 

18) together in a PCR reaction with the following primer pain 
The primers shown above are used in a PCR reaction with 20 Forward primer: pCBgl233F (buffer sequence/Bgl II recog- 

a three temperature cycling program using a 3 minute nition sequence/CMV promoter nts 1-22): 

extension period. 5 -TAIATATAG ATCTITG AC ATTG ATTATTG ACTAG 

The 457 bp and 3202 bp products from the primary PCR (SEQ. ID NO. 44) 

reactions are purified with GENECLEAN™, and used ^ Reverse primer: (SIN nts 2300-2278): 

together in a PCR reaction with the following primer pair S'-GGTAACAAGATCTCGTGCCGTG (SEQ. ID NO. 

Forward primer: BAGBgl2Fl (buffer sequence/Bgl II rec- 19) 

ognition sequence/Mo-MLV LTR nts 1-22): The primers shown above are used in a PCR reaction with 

5 ' -TATATAG ATCTAATG AAAG ACC CC ACCTGTAG G a three temperature cycling program using a 3 minute 

(SEQ. ID NO. 15) 3Q extension period. 

Reverse primer: (SIN nts 2300-2278): The 26 3' terminal bases of the first primary PCR ampli- 

5 -GGTAACAAGATCTCGTGCCGTG (SEQ. ID NO. con product overlaps with the 26 5» terminal bases of the 

19) second primary PCR amplicon product; the resultant 2,875 
The primers shown above are used in a PCR reaction with bp overlapping secondary PCR amplicon product is purified 

a three temperature cycling program using a 3 minute 35 by 1% agarose/TBE electrophoresis, digested with Bgl £1, 

extension period. The 25 3'-terminal bases of the first and ligated into the four ELVIS constructions described 

primary PCR amplicon product overlap with the 25 above. These constructions are named as shown below: 

5'-terminal bases of the second primary PCR amplicon MpCMVELVIS-luc/D/S 

product; the resultant 2,752 bp overlapping secondary PCR MpCMVELVIS-luc/D/B 

amplicon product is purified by 1% agarose/TBE 40 MpCMVELVIS/D/S 

electrophoresis, digested with Bgl B, and the 2,734 bp MpCMVELVIS/D/B 

product is ligated into the eight ELVIS constructions MpCMVELVIS-luc/S 

described above. These constructions are named as shown MpCMVELVIS-luc/B 

below: MpCMVELVIS/S 

MpLTRELVIS-luc/D/S 45 MpCMVELVIS/B 

MpLTRELVIS-luc/D/B Using the same overlapping PCR approach, the SV40 

MpLTRELVIS/D/S early region promoter is positioned at the 5' viral end such 

MpLTRELVIS/D/B that the major cap site of transcription initiation results in the 

MpLTRELVIS-luc/S addition of a single non-viral nucleotide at the Sindbis 5' 

MpLTRELVIS-luc/B 50 end. Amplification of the S V40 promoter in the first primary 

MpLTRELVIS/S PCR reaction is accomplished in a reaction containing the 

MpLTRELVIS/B pBR322/SV40 plasmid (ATCC #45019) and the following 

Using the same overlapping PCR approach, the CMV primer pair 

promoter is positioned at the 5* viral end such that transcrip- Forward primer B2SVpr250F (buffer sequence/Bgl n rec- 

tion initiation results in the addition of a single non-viral 55 ognition sequence/SV40 nts 250-231): 

nucleotide at the Sindbis 5' end. Amplification of the CMV S'-TATATAIAG ATCTG GTGTGGAAAGTCCCCAGGC 

promoter in the first primary PCR reaction is accomplished (SEQ. ID NO. 47) 

in a reaction containing the pCDNA3 plasmid and the Reverse primer: SINSV5235R (SIN nts 13-1/SV40 nts 

following primer pair 5235-10): 

Forward primer pCBgl233F (buffer sequence/Bgl II recog- ^ 5'-CTACGCCGTCAATGCCGAGGCGGCCTCGGCC 

nition sequence/CMV promoter nts 1-22): (SEQ. ID NO. 48) 

S'-TATATATAGATCITTGACATTGAiTATTGACrAG The primers shown above are used in a PCR reaction with 

(SEQ. ID NO. 44) a three temperature cycling program using a 30 second 

Reverse primer SNCMV1142R (SIN nts 8-1/CMV pro nts extension period. 

1142-1108): 65 Amplification of the Sindbis 5* end in the second primary 

S'-CCGTCAATACGGTTCACTAAACGAGCTCTGC- PCR reaction is accomplished in a reaction containing the 

TTAEAXAGACC (SEQ. ID NO. 45) pVGSP6GENrep clone and the following primer pair: 
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Forward primer: SVSIN1F (SV40 nts 3-52357SIN nts The primers shown above are used in a PCR reaction with 

1-25): a three temperature cycling program using a 30 second 

S'-GGCCGCCTCGGCATTGACGGCGTAGTACACA- extension period. The amplification products are purified 

CTATTG (SEQ. ID NO. 49) ^ GENEQ EAN-, digested with Xho I re-purified I with 

u oiwica «« m ^r- /ctm «*e n no -ii *nv 5 GENECLEAN™ and inserted into Xho I linearized (by 

Reverse primer. (SIN nts 3182-3160). limited digest) and C1AP treated complete modified ELVIS 

y-CTGGCAACCGGTAAGTACGATAC (SEQ. ID NO. vectors described above. Insertion of the SV40 small t 
18) 

antigen intron in the correct orientation in the ELVIS vector 

The primers shown above are used in a PCR reaction with ^ determined by sequencing. 

a three temperature cycling program using a 3 minute p or insertion into the Not I site of the ELVIS vectors, 

extension period. amplification of the SV40 small t antigen intron sequences 

The 280 bp and 3,194 bp products from the primary PCR ^ accomplished in a reaction containing the pBR322/SV40 

reactions are purified with GENECLEAN™, and used plasmid and the following primer pair: 

together in a PCR reaction with the following primer pain Forward primer: NSVSD4647F (buffer sequence/Not I rec- 

Forward primer B2SVpr250F (buffer sequence/Bgl II rec- ^ ognition sequence/SV40 nts 4647-4675): 

ognition sequence/SV40 nts 250-231): 5 '-TATATATG CG GCCG C AAG CTCTAAG GTAAAT- 

S'-TATATATAGArCTGGTGTGGAAAGTCCCCAGGC ATAAAATTTACC (SEQ. ID NO. 52) 

(SEQ. ID NO. 47) Reverse primer: XSVSA4562R (buffer sequence/Not I rec- 

Reverse primer: (SIN nts 2300-2278): ognition sequence/SV40 nts 4562-4537): 

^-GGTAACAAGATCTCGTGCCGTG (SEQ. ID NO. ^ 5 '-TATATATG CG G CCG CAGGTTG G AATCTAAAA- 

19) TACACAAAC (SEQ. ID NO. 53) 

The primers shown above are used in a PCR reaction with The primers shown above are used in a PCR reaction with 

a three temperature cycling program using a 3 minute a three temperature cycling program using a 30 second 

extension period. extension period. The amplification products are purified 

The 25 3' terminal bases of the first primary PCR ampli- ^ with GENECLEAN™, digested with Not I, re-purified with 

con product overlaps with the 25 5* terminal bases of the GENECLEAN™ and inserted into Not I linearized and 

second primary PCR amplicon product; the resultant 2,543 C1AP treated complete modified ELVIS vectors described 

bp overlapping secondary PCR amplicon product is purified above. Insertion of the SV40 small t antigen intron in the 

by 1% agarose/TBE electrophoresis, digested with BgJ II, correct orientation in the ELVIS vector is determined by 

and ligated into the four ELVIS constructions described ^ sequencing. Alternatively, the SV40 small t antigen may be 

above. These constructions are named as shown below: inserted at other sites within the ELVIS vector, which do not 

MpSV40ELVIS-luc/D/S impair function of the vector, using the disclosure provided 

MpSV40ELVIS-luc/D/B herein. 

MpSV40ELVIS/D/S The hiciferase expression levels, after transfection of 

MpSV40ELVIS/D/B 35 BHK-21 cells with the SV40 small t antigen intron contain- 

MpSV40ELVIS-luc/S ing ELVIS vectors, are assayed in order to determine the 

MpSV40ELVIS-luc/B optimal desired configuration. The heterologous gene is 

MpSV40ELVIS/S inserted into the multiple cloning site of the ELVIS vector, 

MpSV40ELVIS/B as described for the insertion of the hiciferase gene in 

The hiciferase expression levels, after transfection of ^ Example 3, section B. 

BHK-21 cells, are determined with each of the reporter gene A linker sequence is inserted into the pKSSINB V and into 

containing complete modified ELVIS constructions detailed the pVGELVIS-SINBV constructs to facilitate the insertion 

above, in order to determine the optimal desired configura- of heterologous sequences. The linker is constructed using 

tion. The heterologous gene is inserted into the multiple two complementary 35 nt oligonucleotides that form a 

cloning site of the ELVIS vector, as described for the 45 duplex with Xho I and Xba I compatible sticky ends when 

insertion of the luciferase gene in Example 3, section B. hybridized. 

In order to increase the efficiency of the ELVIS system, in SINB VLinkF: 5TCGAGCACGTGGCGCGCCTG AT- 

terms of functional vector RNA transported to the cytoplasm CACGCGTAGGCCT (SEQ. ID NO. 54) 

per nuclear DNA template, the SV40 small t antigen intron SINBVLinkR: S'CTAGAGGCCTACGCGTGATCAG- 

can be inserted into the ELVIS expression vectors. Insertion 50 GCGCGCCACGTGC (SEQ. ID NO. 55) 

of the SV40 small t antigen intron sequences into the Xho I oligonucleotides are phosphorylated with T4 polynucle- 

site immediately downstream of the 5' Sindbis sequences is otide \an^sc y heated to 90° C, and slow cooled to allow 

accomplished by limited digestion (cut 1 of 2 sites); or, hybridization to occur. The hybrid is then ligated to the 10.6 

alternatively at the unique Not I site immediately upstream kb fragment of pKSSINBV-Luc obtained after digestion 

of the 3' Sindbis sequences. 55 ^ xhol and Xbal, followed by treatment with alkaline 

For insertion mto the Xho I site of the ELVIS vectors, phosphatase and agarose gel purification. The resulting 

amplification of the SV40 small t antigen intron sequences construct contains Xho I, Pml I, Asc I, Bel I, Mlu I, Stu I, 

is accomplished in a reaction containing the pBR322/SV40 xba I, and Not I as unique sites between the Sindbis junction 

plasmid (ATCC #45019) and the following primer pair: region ^ me sindbis 3' end. This construct is known as 

Forward primer XSVSD4647F (buffer sequence/Xho I rec- ^ pKSSINBV-Linker 

ognition sequence/SV40 nts 4647-4675): This linker also is cloned into the pVGELVIS-SINBV 

5'-TATATATCTCG AG AAG CCTCAAG GTAAATAT- constructs. The linker is inserted by digestion of 

AAAAnTACC (SEQ. ID NO. 50) pVGELVIS-SINBV-hic with Sfi I and Not I. The 10.1 kb 

Reverse primer: XS VSA4562R (buffer sequence/Xho I rec- fragment is agarose gel purified, and this fragment was 

ognition sequence/SV40 nts 4562-4537): 65 ligated to the gel purified 2.6 kb fragment from a Sfi I/Not 

5 * -TATATATCTC G AG AG G TTG G AATCTAA AA- I digest of pKSSINBV-Linker. The resulting construct con- 

TACACAAAC (SEQ. ID NO. 51) tains Xho I, Pml I, Asc I, Mlu I, and Not I as unique sites 
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between the Sindbis junction region and the Sindbis 3' end. H. ADAPTATION OF ALPHAVIRUS EXPRESSION VEC- 

This construct is known as pVGELVIS-SINBV-Linker. TORS 

Additional experiments are performed to compare the The following description details how to identify alphavi- 

relative expression activities of Sindbis RNA and DNA ral vectors according to the invention adapted to grow in 

reporter vectors in transfected BHK cells (FIG. 22). 5 cells of a particular eukaryotic species. Specifically, adap- 

Luciferase expression is approximately 30-fold higher in tation of Sindbis virus variants adapted to grow in human 

cells transfected with in vitro transcribed SIN-luc RNA, cells is disclosed. As those in the art will appreciate, the 

compared to the level in cells transfected with ELVIS-fuc following procedure can be employed to adapt other 

plasmid DNA (FIG. 22A). The data also demonstrate that alphaviral vectors to particular eukaryotic species, 

direct linkage between the Sindbis virus 3'-end and two 10 To adapt Sindbis viral vectors derived from BHK-21 cells 

different transcription termination/polyadenylation signals, to human cells, Sindbis viral vectors produced in accordance 

resulting in deletion of the synthetic A^ tract, decreased the with this invention are propagated by serial passage in 

activity of the DNA vector by more than three orders of HT1G80 (ATCC acc. no. CCL 121) and DM150 (a human 

magnitude (FIG. 22A). However, measurable expression of cell line established from a primary melanoma tumor) cell 

luciferase is detected, suggesting that these 3* end modified is lines in order to select variants which are able to establish 

Sindbis DNA vectors do function in transfected cells at some high titer productive infections in human cells. Isolation of 

low level. Additionally, the insertion of a HDV ribozyme Sindbis variants adapted to human cells is accomplished by 

processing sequence, downstream of the tract, increases the following method: HT1080 and DM150 cells propo- 

activity of the DNA vector 3-4 fold over the ELVIS-luc gated in DMEM with 10% fetal calf serum (FCS) are 

vector or an analogous construct with the HDV ribozyme 20 infected at a multiplicity of infection of 5 with the virus 

inserted in a reverse orientation (FIG. 22B). contained in a small volume to facilitate infection. At one 

Based on the decreased expression levels observed when hour post infection, the inoculum is removed, the monolayer 

the synthetic A^ tract is deleted, additional constructs washed several times with DMEM, and the media replen- 

related to MpELVIS/S and MpELVlS/B are then made ished. The viral supernatant is harvested at 7 hours post 

exactly as outlined in the above example utilizing the 25 infection, clarified by centrifugation, and divided into three 

Sindbis sequences from the pKSSINBV and pKSSINBV-hic aliquots. Two aliquots are frozen and the other aliquot is split 

vectors to include the tract. These constructions are and used to infect fresh HT1080 and DM150 monolayers, 

named as shown below: This process is repeated at least 10 times or as sufficient to 

MpLTRELVIS-luc/A/S generate variants which replicate efficiently in human cells. 

MpLTRELVIS-luc/A/B 30 After each serial passage, plaque assays are performed in 

MpLTRELVIS/A/S BHK cells or the homologous cell line in which the virus 

MpLTRELVIS/A/B was propagated to determine an increase in virus titer in 

MpCMVELVIS-luc/A/S human cell lines. Sindbis variants adapted to human cells 

MpCMVELVIS-Iuc/A/B which contain the highest level of virus produced during 

MpCMVELVIS/A/S 35 serial HT1080 or DM150 cell line passage are then isolated 

MpCMVELVIS/A/B from supernatants by three rounds of plaque purification. 

MpSV40ELVIS-luc/A/S The phenotype of the plaque purified human variant is 

MpSV40ELVIS-luc/A/B verified by determining its growth properties in human cell 

MpSV40ELVIS/A/S hues. 

MpSV40ELVIS/A/B 40 In an alternative approach, variants which are able to 
G. REPORTER GENE EXPRESSION IN RODENTS establish high titer productive infections in human cells are 
INOCULATED INTRAMUSCULARLY WITH ELVIS isolated by plaque morphology. Human cell lines, for 
VECTORS example HT1080 and DM150, are infected at low multi- 
Using techniques described above, the lacZ gene encod- plicity of infection with Sindbis virus grown in BHK-21 
ing the P-galactosidase reporter protein was cut from the 45 cells and overlaid with agar. At 24-30 hours post infection, 
plasmid pSV- p-galactosidase (PROM EGA CORP, Madison, large plaques, indicative of variants able to propagate effi- 
Wis.) and substituted into the ELVIS-luc plasmid DNA ciently in human cells, are picked. The variants are then 
vector in place of luciferase. To examine in vivo gene purified by two additional serial rounds of plaque purifica- 
expression from ELVIS vectors, Balb/c mice and rats are tion. The phenotype of candidate Sindbis variants can then 
injected intramuscularly (i.m.) with ELVIS-p-gal or ELVIS- 50 be determined by comparing growth properties on human 
luc plasmid DNA vectors. FIG. 24 demonstrates the in vivo and BHK-21 cells with BHK-21 cell-propagated Sindbis 
expression of P-galactocidase in muscle tissue taken from a virus. 

rat and stained with X-gal at three days post i.m. injection. Another similar approach enables the production of Sind- 

Mice injected with ELVIS-P-gal also demonstrate positively bis variants which establish high titer persistent, i.e., 

staining blue muscle fibers. Luciferase expression levels 55 noncytotoxic, infection of human cells . Specifically, human 

from muscle which were between 75- and 300- fold higher cells are infected with a Sindbis virus preparation containing 

than control levels were detected in 3/4 Balb/c mice at two a high percentage of defective interfering (DI) particles 

days post i.m. inoculation with ELVIS-luc plasmid. In other isolated by undiluted serial passage in HT1080 or DM150 

experiments, C3H/HeN mice were injected i.m. with ELVIS cells. Cells which survive infection with this DI contami- 

vectors expressing either the hepatitis B virus core (HBV- 60 nated Sindbis stock are allowed to proliferate. Virus is 

core) or hepatitis B virus e (HBV-e) proteins. Using ELISA isolated from the supernatant and purified by multiple 

detection systems, both HBV-core- and HBV-e -specific IgG rounds of plaque purification in BHK-21 or human cells, 

antibodies were detected in serum samples collected from The desired phenotype of the Sindbis variant is verified by 

the mice 10 days following the second injection with the determining its ability to establish persistent noncytotoxic 

vectors. These experiments demonstrate that Sindbis- 65 persistent infection in human cell lines, 

derived DNA vectors are able to express foreign genes in Following identification of one or more Sindbis variants 

vivo, in rat and mouse muscle. having the desired phenotype, purified viral RNA from the 
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Sindbis variant is cloned and characterized in order to Alternatively, the bppl amplicon is inserted into Xbo 

identify the nonstructural and structural genes and noncod- I/Not I cleaved, QAP-treated S1N-BV, infra, to make pSIN- 

ing region changes which contribute to the observed phe- BV-hppI. RNA from Sac I-linearized pSIN-BV-hppI plas- 

notype. Sindbis variant genomic cDNA cloning is accom- m id is synthesized in vitro as described in Example 3. 

plished by RT-PCR, as detailed in Example 1 and the 5 Production of SIN-BV-hppI recombinant vector particles is 

phenotype of the molecularly cloned virus strains is verified. accomplished by transfection of UPOFECTIN™ -complex 

Viral genetic determinants can be mapped by identifying SIN-BV-hppI RNA into the Sindbis vector packaging cell 

at what level Sindbis infection of human cells is inhibited, ^ «* Ascribed in Example 7. Generation of vector 

i.e., at the stage of adsorption, entry, replication, or assem- V*^ cl <* h *™Z ex £™ k ve ^ toIS de ? ved from Smdb ! s 

bly. Tne 5'-end, junction region, and nonstructural and 10 v f ants w ^ establish high titer persistent noncytotoxic 

,. . J . , r" ~ , - infection of human cells is accomplished by the same 

noncoding region genetic determinants responsible for . r J 

human variant phenotypes can be mapped by exchanging pEL v£hppi is then introduced (e.g., by electroporation or 

defined regions from pKSSINBV-luc, supra, with cone- by complexirig ^ Upofectamine) into a suitable eukary- 

sponding regions from the variant cDNA to produce various otfc host ^ pre fe ra bly an undifferentiated cell, for 

"test" SIN-hic vectors. After packaging by co-transfection, 15 instance, F9 cells, infra. The transformed cells are then 

the level of luciferase expression in DM150, HT1080, and grown in the presence of G418 under suitable nutrient 

BHK cells infected with either pKSSINBV-luc or the "test" conditions (i.e., an appropriate medium, such as DMEM, 

SIN-hic vector is compared. Exchanging defined regions including any required supplements, at 37° C). The cells can 

between vectors may be accomplished by exploiting con- be grown in a variety of formats, including in roller bottles, 

venient restriction endonuclease recognition sites, for 20 cell hotels, and bioreactors. Recombinant protein production 

example (Viagene SIN-BV numbering): Afl II (4573), Age I is initiated by adding retinoic acid or another suitable 

(3172, 6922), Avr II (4281), Bgl II (2289), Bpu 11021 (5602, inducing agent to the medium. At 12 to 48 hours post-vector 

6266), BsaBI (2479) BstBI (4706, 6450), Eco471II (1407), induction, the optimal level of insulin is expressed into the 

Hpa I (6920), Mun I (42, 2785), Nru I (2324), Nsi I (2006, medium and is recovered according to techniques known in 

6462), PflMI (4374), Sfi I (5122), and Xhol (7645). Precise 25 the art. The insulin is recovered from the cell supernatants up 

nucleotide identification of genetic determinants resulting in to 18 hrs from the time in which the vector establishes a 

the human variant phenotype can be accomplished by cytotoxic infection. Recovery of insulin from cells infected 

sequencing. with expression vectors derived from Sindbis human cell 

The 3'-end nonstructural and coding region genetic deter- variants may be harvested over a period extending to 3-5 

minants responsible for the variant phenotype may be 30 days post induction. Insulin so produced is recovered 

mapped by exchanging defined regions with the dl-BspEI according to techniques known in the art. The isolated 

cotransfection packaging vector. After packaging by recombinant protein may then be formulated in any of a 

co-transfection, the level of luciferase expression in DM150, number of pharmaceutical compositions suitable for human 

HT1080, and BHK cells infected with pKSSINBV-hic pack- administration. 

aged with the dl-BspEI cotransfection packaging vector or 35 J. LYOPHILIZED EUKARYOTIC LAYERED VECTOR 

with the "test" dl-BspEI cotransfection packaging vector is INITIATION SYSTEM VACCINES 

compared . Exchanging defined regions between vectors may One aspect of the invention concerns the use of eukaryotic 

be accomplished by exploiting convenient restriction endo- layered vector initiation systems according to the invention 

nuclease recognition sites, for example (Viagene genomic as vaccines to immunize a human patient's or non-human 

Sindbis numbering): AatU (8000), Afl II (7969, 8836), Aval 40 animal's immune system against a particular disease. Such 

(9414), Bell (9356), Bpull021I (8911), BsiWI (10379), vaccines can be employed either prophylatically or thera- 

BspMll (7054), Bsu36I (8892), EcoNI (10048, 10923), peutically to prevent or treat disease. Diseases which may be 

EcoRI (9077), KasI (10036, 11308), Nrul (8329), PflMI treated with such vaccines include those caused by various 

(9554), Pmll (8070), Sail (9589, 11085), Sraal (9416), pathogenic agents, such as procaryotic or eukaryotic micro- 

Spll(10379), StuI (8572), and (9414). Precise nucleotide 45 organisms or viruses, or cancer. 

identification of genetic determinants resulting in the human For example, each of the vector constructs described 

variant phenotype can be accomplished by sequencing. herein and containing the heterologous sequence of a suit- 

I. RECOMBINANT PROTEIN EXPRESSION able antigen is readily lyophilized for long term stablity. 

The eukaryotic layered vector initiation systems of the Upon re-hydration in an appropriate diluent, administration 

invention can be used to direct the expression of one or more 50 is performed and subsequent expression occurs. Additional 

recombinant proteins in transformed or transfected eukary- alphavirus vector constructs not disclosed in the present 

otic host cells. A representative example of a recombinant invention, including those described in the literature (see 

protein which may be expressed using a eukaryotic layered Hahn et al., Proc Natl Acad Sci USA 89: 2679-2683, 1992) 

vector initiation system is insulin. are readily convertible to a eukaryotic layered vector initia- 

The gene encoding human insulin was identified in 1980 55 tion system format by those skilled in the art and using the 

by Bell, et al. [Nature, vol. 284, pp. 26-32]. The entire knowledge provided herein. Conversion of transient 

coding region for human preproinsulin (bppi) can be cloned alphavirus vector systems to the format of a eukaryotic 

from a variety of sources, e.g., a human pancreatic cDNA layered vector initiation system thus modify the duration of 

library [Clontech, Palo Alto, Calif., catalog no. HL1163a] heterologous sequence expression to that of a more perma- 

using standard PCR techniques. Primers for amplifying the 60 nent and stable expression system. Advantages of this per- 

coding region flank the 5' and 3' ends of the gene. The 5' manent and stable system include longer term expression, 

primer includes an Xhol site and the 3* primer includes a allowing greater prophylatic and therapeutic effects in both 

Not! recognition sequence. After PCR amplification, the medical and veterinary applications, 

reaction products are purified using GENECLEAN™, fol- K . EUKARYOTIC LAYERED VECTOR INITIATION 

lowed by Xhol and NotI digestion. The DNA is then gel 65 SYSTEMS FOR PLANT APPLICATIONS 

purified and ligated into XhoI/NotI cleaved, CIAP-treated Given the disclosures provided herein, the adaptation of 

pVGELVIS-SINBV, infra, to make pELVS-hppi. eukaryotic vector initiation system technologies to plant 
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application is readily performed by those skilled in the art. (Curiel, D. T., et al., PNAS 88: 8850-8854, 1991; Cristiano, 

For illustration purposes, any of several positive-stranded R. J., PNAS 90: 2122-2126 1993; Cdtten, M., et al., PNAS 

plant viruses (for example, potato virus X (PVX, Huisman 89: 6094-6098 1992; Lozier, J. N., et al., Human Gene 

et al., J, Gen. Virol. 69:1789-1798, 1988), tobacco mosaic Therapy 5: 313-322, 1994; Curiel, D. T., et a\.,Human Gene 

vims (TMV, Goelet et al., Proc. Natl Acad. ScL USA 5 Therapy 3: 147-154, 1992; Plank, C et al., Bioconjugate 

79:5818-5822, 1982), and tobacco etch virus (TEV, Allison Chem - 3: 533-539, 1992; Wagner, E. et al., PNAS 88: 

et al., Virology 154:9-20, 1986), see also, specifications) 4255-4259, 1991). The assorted components comprising the 

may be converted to a cDNA form using PCR and specific multi-layer complex may be varied as desired, so that the 

oligonucleotide primers, chosen from published sequences, specificity of the complex for a given tissue, or the gene 

as described in Example 1. After assembly of a full-length 10 ?2 > ' gene dehvery vehic e, may be varied to 

* i i* i j . , _ • , „ VTA , better suit a particular disease or condition, 

genomic clone linked to a bactenophage RNA polymerase ^ ^ » various metbods ^ u ^ ^ 

promoter, and delegation of mfectmty of in vitro syn- administer ddi vehicles of the t 

thesized transcripts, the cDNA is exchanged mto a vector ^ding nucleic acids which encode the immunogenic 

containing an RNA polymerase II promoter and transcnp- port i on ( s ) discussed above, to warm-blooded animals such 

tion tennmauon/polyadenylauon sequence, as described in 15 ^ humans, directly. Suitable methods include, for example, 

Example 2. For plant applications, such promoter and ter- various physical methods such as direct DNA injection 

mination sequences are chosen from the appropriate plant (Acsadiet Nature 352:815-818, 1991), and microprojec- 

systems (e.g., CaMV 35S promoter (Guilley et al., Cell tile bombardment (Williams et al., PNAS 88:2726-2730, 

30:763-773, 1982), and nopaline synthase promoter and 1991). 

transcription termination sequence (Sanders et al., Nucleic 20 Within an in vivo context, the gene delivery vehicle can 

Acids Res. 15:1543-1558). Vector constructs derived from be injected into the interstitial space of tissues including 

these infectious genomic cDNA clones is subsequently muscle, brain, liver, skin, spleen or blood (see, WO 

accomplished using any of the approaches described in the 90/11092). Administration may also be accomplished by 

present invention (e.g., use of subgenomic promoters, intravenous injection or direct catheter infusion into the 

replacement of structural protein genes, use of IRES 25 cavities of the body (see, WO 93/00051), discussed in more 

sequences). Specific applications of such plant eukaryotic detail below. 

layered vector initiation systems may include, but are not It is generally preferred that administration of the gene 

limited to, the expression of host-derived resistance delivery vehicles at multiple sites be via at least two injec- 

sequences, pathogen-derived resistance sequences (e.g., tions. In this regard, suitable modes of administration 

protein-encoding, nonprotein -encoding, and defective inter- 30 include intramuscular, intradermal and subcutaneous 

fering sequences), and growth promoting sequences, by the injections, with at least one of the injections preferably being 

creation of transgenic plants harboring such systems. intramuscular. In particularly preferred embodiments, two or 

L. TRANSGENIC ANIMAL APPLICATIONS more of the injections are intramuscular. However, although 

In accordance with the non-parenteral administration the administration via injections is preferred, it will be evident 

present invention, the gene dehvery vehicles, particularly 35 that the gene delivery vehicles may be administered through 

those comprised of unencapsidated nucleic acid, may be multiple topical or separate ocular administrations. Further, 

complexed with a polycationic molecule to provide a number of additional routes are suitable for use within the 

polycation-assisted non-parenteral administration. Such a present invention when combined with one or more of the 

method of gene dehvery facilitates delivery of a gene via routes briefly noted above, including intraperitoneal, 

mediation by a physical particle comprised of multiple 40 intracranial, oral, rectal, nasal, vaginal and sublingual 

components that augment the efficiency and specificity of administration. Methods of formulating and administering 

the gene transfer. In particular, polycationic molecules, such the gene dehvery vehicles at multiple sites through such 

as polylysine and histone, have been shown to neutralize the routes would be evident to those skilled in the art and are 

negative charges on a nucleic acid molecule and to condense described in U.S. Ser. No. 08/366,788 and U.S. Ser. No. 

the molecule into a compact form. This form of molecule is 45 08/367,071 incorporated herein by reference in their 

transferred with high efficiency in cells, apparently through entirety. 

the endocytic pathway. The uptake in expression of the M. VETERINARY APPLICATIONS 
nucleic acid molecule in the host cell results after a series of From the description provided herein, those skilled in the 
steps, as follows: (1) attachment to cell surface; (2) cell entry art will appreciate that the alphavirus vector constructs, 
via endocytosis or other mechanisms; (3) cytoplasmic com- 50 recombinant alphavirus particles, and eukaryotic layered 
partment entry following endosome release; (4) nuclear vector initiation systems provided by the present invention 
transport; and (5) expression of the nucleic acid molecule can also be readily utilized in non-human animal (e.g., 
carried by the gene delivery vehicle. In a further preferred veterinary) applications. Such applications may include pro- 
embodiment, multi -layer technologies are applied to the phylactics (e.g., vaccines), immunotherapeutics, and pallia- 
polycation-nucleic acid molecule complex to facilitate 55 lives. Within such aspects, compositions and methods are 
completion of one or more of these steps. For example, a provided for administering an alphavirus vector construct, 
ligand such as asialoglycoprotein, transferrin, and immuno- recombinant alphavirus particle, or eukaryotic layered vec- 
globulin may be added to the complex to facilitate binding tor initiation system which is capable of preventing, 
of the cell complex to the cell surface, an endosomal inhibiting, stabilizing or reversing infectious diseases in 
disruption component (e.g., a viral protein, a fusogenic 60 non-human animals. 

peptide such as the n-terminus of the influenza virus hema- Specifically, within one aspect of the present invention, 

ghitinin or an inactivated virus) is added to facilitate the compositions and methods are provided for stimulating an 

release of DNA from the endosome, or a nuclear protein (or immune response (either humoral or cell-mediated) to a 

a peptide containing a nuclear localization signal) is added pathogenic agent, such that the pathogenic agent is either 

to facilitate the transport of the DNA into the nucleus. In a 65 killed or inhibited. Representative examples of pathogenic 

further preferred embodiment, the composition comprising agents of veterinary importance include bacteria, fungi, 

the complex includes inactivated adenovirus particles parasites and viruses. 



5,843,723 

81 82 

More specifically, sequences which encode immunoreac- layered vector initiation systems containing these sequences 

tive polypeptides of the pathogenic agents may, in certain for veterinary application are described for two of the above 

embodiments, be chosen from a group that includes the pathogenic agents (one viral and one parasitic). The con- 

Bunyaviridae (e.g., Rift Valley Fever vims (Giorgi et al., struction of additional alphavirus vectors and eukaryotic 

Virology 180:738-753, 1991; Collett et al., Virology 5 layered vector initiation systems is readily accomplished by 

144:22^-245, 1985)), Paramyxoviridae (e.g., Newcastle dis- mose m the art> 5ased on me foUowing methodolo- 

ease virus (Millar et al J. Gem Virol 69:61^-620, 1988; gi es and sequences from other related or non-related 

Chambers et al NucL ^^14^4^1. 1986; pathogenic te . In me casc of foo t-and-mouth disease 

Schaper et al., Virology 165:291-295, 1988) , ^ canme a ^pri^g each of the four PI 

distemper virus (Curran et al., /. Gen. Virol 72:443-447, ^ .? , gA A ir> ^ m x , t . „ 

1991; Barren et al., Virus Res. 8:373-386, 1987; Bellini et 10 Ca P ad F™^^ * 1€ >. * D) ** 3C 

al., J. Virol 58:408^16, 1986)), Togaviridae (e.g., WEE sponsible for their post-franslaUonal cleavage is obtained 

virus (Weaver et al., Virology 197:371-390, 1993), EEE fP ?^L 0r ra ^^ (Virology 

virus (Chang et al.,7. Gen. WoL 68:2129-2142, 1987), and 176:52^530, 1990). Plasmid MR1 or MR2 is digested with 

VEE virus (Kinney et al., Virology 152:40(M13, 1986)), me enzymes Hindi II and Dral to remove the FMDV PI 

Rhabdoviridae (e.g., vesicular stomatitis virus (Gill et al., 15 cassette, followed by fill-in of the Hindlll terminus with 

Virology 150:308-312, 1986; Gallione et al., J. Virol Klenow, and purification from a 1% agarose gel using 

46:162-169, 1983; Banerjee et al., Virology 137:432-438, GENECLEAN™. Plasmid vectors pKSSINBV and 

1984), and rabies virus (Tordo et al., NucL Acid. Res. pVGELVIS-SINBV (see Example 3) are digested with Xhol 

14:2671-2683, 1986; Hiramatsu et al., Virus Genes 7:83-88, and the termini also made blunt using Klenow, followed by 

1993; Kieny et al^ Nature 312:163-166, 1984)), Corona viri- 20 treatment with CIAP and purification from a 1% agarose gel 

dae (e.g., transmissable gastroenteritis virus (Britton et al., using GENECLEAN™. The purified fragments are subse- 

Molec. Micro. 2:89-99, 1988; Godet et al., Virology quently ligated to generate the alphavirus vector construct 

188:166-175, 1992; Jackwood et al., Adv. Exp. Med. and pKSSIN-FMDV and eukaryotic layered vector intiation 

Biol 342:43-48, 1993), and feline infectious peritonitis system plasmid pVGELVIS-FMDV. The purified FMDV 

virus (Reed et al, Adv. Exp. Med. and Biol 342:17-21, 25 sequences are also readily inserted into any of the other 

1993)), Reoviridae (e.g., porcine rotavirus (Burke et al., J. vector constructs described in this invention (see Example 

Gen. Virol 75:2205-2212, 1994; Nishikawa et al., Nucl 3). Packaging of the FMDV-containing alphavirus vector 

Acid. Res. 16:11847, 1988)), Orthomyxoviridae (e.g. equine construct pKSSIN-FMDV can be accomplished as described 

influenza (Gibson et al., Virus Res. 22:93-106, 1992; Dale et in Example 7. 

al., Virology 155:460-468, 1986)), Picomaviridae (e.g., 30 For construction of a recombinant alphavirus vector con- 
FMD virus (Graham et al., Virology 176:524-530, 1990; struct or eukaryotic layered vector initiation system corn- 
Brown et al., Gene 75:225-233, 1989; Fross et al., Nucl prising sequences from a pathogenic agent of anaplasmosis, 
Acid. Res. 12:6587-6601, 1984)), and Herpesviridae (e.g., the major surface protein 2 (MSP-2) of A. marginale is 
equine herpesvirus (Crabb et al., /. Gen. Virol obtained by PCR amplification from plasmid pCKR11.2 
72:2075-2082)). 35 (Palmer et al., Infect. Immun. 62:3808-3816, 1994) using 
In other embodiments, the sequences which encode the following oligonucleotide pair, each containing a flank- 
immunoreactive polypeptides of the pathogenic agents may ing Xhol site: 
be chosen from a group that includes the agents of cocci di- forward primer (AM-MSP-2F): 

osis (e.g., EimeriaAcervuhna, E. tenella, E. maxima (Talebi 5'-TATATCTCGAGACCACCATGAGTGCTGTAA- 

et al., Infect. Immun. 62'A2m-42W, 1994; Pasamotites et 40 GTAA3AGGAAGC (SEQ. ID NO. 115) 

aL, Mol Biochem Parasit. 57:171-174, 1993; Tomley et al., reverse primer (AM-MSP-2R): 

Mol Biochem. Parasit. 49:277-288, 1991; Castle et al.,/. of 5 '-TATATCTCG AG CTAG AAGG CAAACCTAAC A- 
Parasit. 77:384-390, 1991; Jenkins et al., Exp. Parasit. CCCAAC (SEQ ID NO 116) 
70:353-362, 1990)), anaplasmosis (e.g., Anaplasma margi- A standard mree temperature cycling protocol is performed 
nale (McGuire et al., Vaccine 12:465-^71, 1994; Palmer et 45 ^ described pre viously using THERMALASE™ thermo- 
zl., Infect. Immun. 62:3808-3816, 1994; Oberle et al., Gene staWe ^i^^ the oligonucleotide pair, and plasmid 
136:291-294, 1993; Barbet et al., Infect. Immun. pCKR11.2 as template. Following amplification, the MSP-2 
59:971-976 1991; Barbet et al., Infect. Immun. amplicon is purified using GENECLEAN™, digested with 
55:2428-2435; 1987)), babesiosis (e.g., Babesia bovis and re .p Urified with GENECLEAN ™. Plasmid vec- 
(Suarez et al., Infect. Immun. 61:3511-3517, 1993; Hines et 50 tors pK SSINBV and pVGELVIS-SINBV (see Example 3) 
aL, Mol Biochem. Parasit. 55:85-94, 1992; Jamer et al., also are with Xhol, followed by treatment with 
Mol Biochem. Parasit 55:75-*3, 1992; Suarez et al., Mol ^ ^ subsequent ^on to me MS p. 2 fragment to 
Bwchem. Parasit. 46:45-52 1991)) thedenosis (e.g. generate the alphavirus vector construct pKSSIN-MSP2 and 
Theileria parva (Nene et al., Mol Biochem. Parasit. eukaryotic layered veclor i n i tiat ion system plasmid 
l3m f 61 f K £ Biochem Parasit. 55 pVGELVIS-MSP2. The purified MSP-2 sequences are also 
39:47-60, 1990)) malaria (e.^ Plasmodium [falciparum readily int0 any of me olner vector constructs 
(Haeseleer et al.,Mo . Biochem Parasit. 57:117-126 1993) described elsewhere in this specification (e.g., Example 3). 
), salmonellosis (Salmonelh typhimurmm and S dubkn), Packagmg of the MSP-2-containing alphavirus vector con- 
bovine and ovine mastitis (Staphylococcus aureus), bovine stmcl pK SSIN-MSP2 can be accomplished as described in 
tuberculosis {Mycobacterium bovis), pseudotuberculosis 60 £ xamD le 7 
(Yersinia pseudotuberculosis), coccidioidomycosis 

(Coccidioides immitis), cryptococcosis (Cryptococcus Example 4 

neoformans), anthrax (Bacillus anthracis), brucellosis A. INSERTION OF ADENOVIRUS EARLY REGION E3 

(Brucella abortus and B^uis), and leptospirosis (Leptospira GENE INTO SINDBIS VECTORS 

interrogans and LMflexa). 65 In order to inhibit the host CTL response directed against 

To illustrate this aspect in more detail, methods used in viral specific proteins expressed in vector infected cells, in 

constructing recombinant alphavirus vectors and eukaryotic applications where repeated administration of the therapeu- 
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Following amplification, the 451 bp amplicon is purified 
on a 1.5% agarose gel, and digested with the Xho I and Cla 
I enzymes. pKSSINdURsjrc plasmid is partially digested 
with Clal. Plasmid that has been digested only once is 
isolated by gel electrophoresis then digested with Xhol. The 
large fragment is isolated by gel electrophoresis and ligated 
to the digested PCR amplicon. This clone is designated 
pKSSINdURsjrcAdE3. Using the same cloning strategy, the 
Ad 2 E3/19K gene may be inserted into any of the modified 
synthetic junction region vectors or ELVIS vectors 
described in Example 3. 

B. INSERTION OF THE HUMAN CYTOMEGALOVI- 
RUS H301 GENE INTO SINDBIS VECTORS 

In order to inhibit the host CTL directed response against 
viral specific proteins expressed in vector infected cells in 
applications where repeated administration of the therapeu- 
tic is desired, the human cytomegalovirus (HCMV) H301 
gene is cloned into the pKSSINdURsjrc plasmid, immedi- 
ately downstream from the junction region core. 

Briefly, HCMV strain AD169 (XTCC No. VR-538), is 
propagated in a permissive cell line, for example primary 
human foreskin fibroblasts (HFF) (GIBCO/BRL, 
Gaithersburg, Md.), and after evidence of cytopathologic 
effects, virions are purified from the cell lysate. 
Subsequently, HCMV DNA is purified from the virons. 

The HCMV 1 1301 gene is located between viral nucle- 
otides 23,637 and 24,742. Isolation of the HCMV H301 
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tic is desired, the Adenovirus type 2 (Ad 2) E3/19K gene 
ATCC No. VR-846 is cloned into the pKSSINdURsjrc 
plasmid, immediately downstream from the junction region 
core. Briefly, Ad 2 is propagated in a permissive cell line, for 
example HeLa or Vero cells, and after evidence of cyto- 
pathologic effects, virions are purified from the cell lysate, 
and the Ad 2 DNA is purified from the virus. 

The Ad 2 DNA E3/19K gene, including the amino termi- 
nal signal sequence, followed by the intraluminal domain 
and carboxy terminal cytoplasmic tail which allows the E3 
19K protein to embed itself in the endoplasmic reticulum, is 
located between viral nucleotides 28312 and 29,288. Iso- 
lation of the Ad 2 E3 19K gene from the viral genomic DNA 
is accomplished by PCR amplification, with the primer pair 
shown below: 

Ad 2 E3 Forward primer (Ad 2 nucleotides 28,812-28,835): 
5*-TAT ATC TCC AGA TGA GGT ACA TGA TIT TAG 
GCT TG-3* (SEQ. ID NO. 56) 
Ad 2 E3 Reverse primer (Ad 2 nucleotides 29,241-29,213): 
5'-TAT A3A TCG ATT CAA GGC ATT TTC TTT TCA 

TCA ATA AAA C (SEQ ID NOS7) 
In addition to the Ad 2 complementary sequences, both 
primers contain a five nucleotide * buffer sequence' at their 5* 
ends for efficient enzyme digestion of the PCR amplicon 
products. This sequence in the forward primer is followed by 
the Xho I recognition site, and in the reverse primer this 25 
sequence is followed by the Cla I recognition site. Thus, in 
the 5' to 3' direction, the E3/19K gene is flanked by Xho 1 
and Cla I recognition sites. Amplification of the E3/19K 
gene from Ad 2 DNA is accomplished with the following 
PCR cycle protocol: 30 
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gene from the viral genomic DNA is accomplished by PCR 
amplification, with the primer pair shown below: 
HCMV H301 Forward primer (buffer sequence/Xho I site/ 
HCMV nucleotides 23,637-23,660): 

5 -TAT ATC TCC AGA TGA TGA CAA TGT GGT GTC 
TGACG-3' (SEQ. ID N0.58) 
HCMV H301 Reverse primer (buffer sequence/Cla I site/ 
HCMV nucleotides 24,744-24,722): 

5 -TAT ATA TCG ATT CAT G AC GAC CGG ACC TTG 
CG-3' (SEQ. ID N0.59) 

In addition to the HCMV 11301 gene complementary 
sequences, both primers contain a five nucleotide * buffer 
sequence' at their 5* ends for efficient enzyme digestion of 
the PCR amplicon products. This sequence in the forward 
primer is followed by the Xho I recognition site, and in the 
reverse primer this sequence is followed by the Cla I 
recognition site. Thus, in the 5 f to 3* direction, the HCMV 
H301 gene is flanked by Xho I and Cla I recognition sites. 
Amplification of the HCMV H301 gene from HCMV DNA 
is accomplished with the following PCR cycle protocol: 
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Following amplification, the 1,129 bp amplicon product is 
purified on a 1.0% agarose gel, and subsequently digested 
with the Xho I and Cla I enzymes and ligated into the CLAP 
treated pKSSINdURsjrc plasmid, previously digested with 
Xho I and Cla I as described above. This clone is designated 
pKSSINdlJRsjrcH301. Using the same cloning strategy, the 
HCMV 1 1301 gene is inserted into all of the modified 
synthetic junction region vectors and all of the ELVIS 
vectors described in Example 3. 

Example 5 

EXPRESSION OF MULTIPLE HETEROLOGOUS 
GENES FROM SINDBIS VECTORS 

The plasmid pBS-ECAT (Jang et al., J. Virol 63:1651, 
1989) includes the 5* nontranslated region of Encephalomy- 
carditis virus (EMCV) from nts 260-848 of the viral 
genome, which contains the internal ribosome entry site 
(IRES). EMCV nucleotides 260-827 are amplified from 
pBS-ECAF by PCR, using the following primer pair. 
EMCV IRES Forward primer A (For insertion next to 
disabled junction region in vector pKSSINBVdUR at Apa I 
site): 

5'-TAT ATG GGC CCC CCC CCC CCC CCC AAC G-3* 
(SEQ. ID NO.60) 
EMCV IRES Forward primer B (For insertion between 
heterologous genes terminating with Cla I sites and initiating 
with Nco I sites): 

5*-TAT ATA TCG ATC CCC CCC CCC CCC CCA 
ACG-3' (SEQ. ID NO.61) 
EMCV IRES Reverse Primer (To be used with either prim- 
ers A or B): 

5 -TAT ATC CAT GGC TTA CAA TCG TGG TTT TCA 
AAG G-3' (SEQ. ID N0.62) 
The amplicon resulting from amplification with the forward 
primer A and the reverse primer is flanked by Apa I and Nco 
I recognition sites, inside a 5 bp 'buffer sequence'. 
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The amplicon resulting from amplification with the forward 
primer B and the reverse primer is flanked by Cla I and Nco 
I recognition sites, inside a 5 bp 'buffer sequence'. 
Amplification of the EMCV IRES sequence from the pBS- 
ECAT plasm id is accomplished with the following PCR 
cycle protocol: 
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In a similar manner, the ATG corresponding to the start 
codon of the heterologous gene to be inserted immediately 
downstream of the EMCV IRES insert is modified to contain 
an Ncol site (CCATGG) while the 3' end is modified to 
contain a Clal site. 

For insertion into the pKSSINBVdUR vector, the 589 bp 
ECMV-IRES amplicon is digested with Apal and Ncol, 
purified on a 1% agarose gel. The heterologous gene ampli- 
con is digested with Ncol and Clal and purified in a similar 
manner. Both fragments are ligated into the CLAP treated 
vector digested with Apa I and Clal as described in example 
4. 



5 -TAT ATG GGC CCT CGATGA GTC TGG ACG TTC 
CTC-3' (SEQ. ID N0.63) 
Polio IRES Forward primer B (For insertion between het- 
erologous genes terminating with Cla I sites and initiating 
with Nco I sites): 

5'-TAT ATA TCG ATT CGA TGA GTC TGG ACG TTC 
CTC-3' (SEQ. ID NO.64) 
Polio IRES Reverse Primer (To be used with either primers 
A or B): 

S'-TAT ATC CAT GGA TCC AAT TTG CTT TAT GAT 
AAC AAT C-3' (SEQ. ID NO. 65) 
The amplicon resulting from PCR with the Polio IRES 
forward primer A/reverse primer pair shown above is 
flanked by Apa I and Nco I recognition sites, inside a 5 bp 
'buffer sequence'. The amplicon resulting from PCR with 
the Polio IRES forward primer B/reverse primer pair is 
shown above is flanked by Cla I and Nco I recognition sites, 
inside a 5 bp 'buffer sequence'. Amplification of the polio 
IRES sequence from the pP2-5* plasmid is accomplished 
with the PCR protocol shown in Example 5. In a similar 
manner, the ATG corresponding to the start codon of the 
heterologous gene to be inserted immediately downstream 
of the Polio IRES insert is modified to contain an Ncol site 
(CCATGG) while the 3' end is modified to contain a Clal 
25 site. 

For insertion into the pKSSINBVdUR vector, the 333 bp 
Polio-IRES amplicon is digested with Apa I and Nco I and 
purified on a 15% agarose gel. The heterologous gene 
amplicon is digested with Ncol and Clal and purified in a 



10 



15 



20 



For insertion into the pKSSINBV or pKSSINBVdlJRsjrc 
vectors between heterologous genes, the 589 bp amplicon is 30 similar manner. Both fragments are ligated into the CLAP 



digested with Cla I and Nco I, purified on a 1% agarose gel, 
and ligated into the bicistronic heterologous gene vector 
digested with Cla I and Nco I and treated with CLAP. In a 
bicistronic heterologous gene configuration, the 3* end of the 
upstream heterologous gene is modified to terminate in a Cla 
I recognition site. The ATG corresponding to the start codon 
of the second downstream heterologous gene to be inserted 
immediately downstream of the EMCV IRES insert is 
modified to contain an Nco I site (CCATGG). Thus, from 5* 
to 3', the order of components is: pKSSINBV or 
pKSSINBVdURsjrc-gene #l-Cla/Nco EMCV IRES gene 
#2-3' SIN. Insertion into all of the modified junction region 
vectors described in Example 2 and all of the ELVIS vectors 
described in Example 3 follows the strategy given here for 
the pKSSINBV or pKSSINBVdlJRsjrc vectors. 

The pKSSINBVdUR vector containing a bicistronic het- 
erologous configuration is constructed with each of the 
EMCV IRES amplicons described above. The first EMCV 
IRES amplicon is flanked by Apa I and Nco I sites and is 
inserted immediately downstream of the disabled junction 
region at the Apa I site, as described above. This EMCV 
IRES sequence is followed by the first heterologous gene, 
which terminates in a Cla I recognition site. The first 
heterologous gene is followed by the second EMCV IRES 
sequence, using the amplicon flanked by Cla I and Nco I 
recognition sites. The second heterologous gene follows the 
second EMCV IRES sequence. Thus, from 5' to 3', the order 
of components is: SINBVdlJR-Apa/Nco EMCV IRES gene 
#l-Cla/Nco EMCV IRES gene #2-3' SIN. 

The plasmid pP2-5* (Pelletier et al, Mol. Cell Biol 
8:1103, 1988) includes the 5* nontranslated region of the 
poliovirus P2/Lansing strain from nucleotides 1-1372 of 
the viral genome, which contains the polio IRES. Poliovirus 
nucleotides 320-631 are amplified from pP2-5* by PCR, 
using the following primer pair 

Polio IRES Forward primer A (For insertion next to disabled 
junction region in vector pKSSINBVdUR at Apa I site): 



treated vector digested with Apa I and Clal as described in 
example 4. 

For insertion into the pKSSINBV or pKSSINBVdlJRsjrc 
vectors between heterologous genes, the 333 bp amplicon is 
35 digested with Cla I and Nco I, purified on a \S% agarose 
gel, and ligated into the bicistronic heterologous gene vector 
digested with Cla I and Nco I and treated with CLAP. In a 
biscistronic heterologous gene configuration, the 3' end of 
the upstream heterologous gene is modified to terminate in 
40 a Cla I recognition site. The ATG corresponding to the start 
codon of the second downstream heterologous gene to be 
inserted immediately downstream of the polio IRES insert is 
modified to contain an Nco I site (CCATGG). Thus, from 5* 
to 3', the order of components is: pKSSINBV or 
45 pKSSINBVdlJRsjrc-gene #l-Cla/Nco polio IRES gene 
#2-3' SIN. Insertion into all of the modified junction region 
vectors and all of the ELVIS vectors described in Example 
3 follows the strategy given here for the pKSSINBV or 
pKSSINBVdlJRsjrc vectors. 

The pKSSINBVdUR vector containing a bicistronic het- 
erologous configuration is constructed with each of the polio 
IRES amplicons described above. The first polio IRES 
amplicon is flanked by Apa I and Nco I sites and is inserted 
immediately downstream of the disabled junction region at 
the Apa I site, as described above. This polio IRES sequence 
is followed by the first heterologous gene, which terminates 
in a Cla I recognition site. The first heterologous gene is 
followed by the second polio IRES sequence, using the 
amplicon flanked by Cla I and Nco I recognition sites. The 
60 second heterologous gene follows the second polio IRES 
sequence. Thus, from 5' to 3', the order of components is: 
SINBVdUR-Apa/Nco polio IRES gene #1 -Cla/Nco EMCV 
IRES gene #2-3' SIN. 
The 220 bp BiP cDNA, corresponding to the 5' leader 
65 region of the human immunoglobulin heavy-chain binding 
protein mRNA, is amplified from a plasmid containing the 
5* noncoding region of the BiP gene, pGEM5ZBiP5' 
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(provided by P. Sarnow, University of Colorado Health gene to be inserted immediately downstream of the BiP 

Sciences Center), using PCR. The sequence corresponding cDNA insert is modified to contain an Nco I site (CCATGG). 

to BiP cDNA was determined originally in the bacteriophage Thus, from 5' to 3', the order of components is: pKSSINB V 

lambda hu28-l clone of the human GRP78 gene (Ting and or pKSSINBVdlJRsjrc-gene #l-Cla/Nco BiP-gene #2-3* 

Lee, DNA 7:275-286, 1988). The forward primer to be used 5 SIN. Insertion into all of the modified junction region 

in the PCR reaction varies, depending on the Sindbis vector vectors described in Example 2, and into all of the ELVIS 

into which the BiP cDNA is inserted. The reverse primer for vectors described in example 3, follows the strategy given 

the PCR reaction is the same for all Sindbis vectors. Ampli- here for the pKSSINBV or pKSSINBVdURsjrc vectors, 

fication of the BiP cDNA sequence from pGEM5ZBiP5' The pKSSINBVdlJR vector containing a bicistronic het- 

from the plasm id for insertion into the Sindbis vector 10 erologous configuration is constructed with each of the BiP 

pKSSINBVdUR, immediately downstream of the disabled cDNA amplicons described above. The first BiP cDNA 

junction region, is accomplished by amplification with the amplicon is flanked by Apa I and Nco I sites and is inserted 

following forward primer: immediately downstream of the disabled junction region at 

5*-TAT ATG GGC CCG GTC GAC GCC GGC CAA the Apa I site, as described above. This BiP sequence is 

GAC-3' (SEQ. ID NO. 66) 15 followed by the first heterologous gene, which terminates in 

In addition to the BiP cDNA complementary sequences, a Cla I recognition site. The first heterologous gene is 

beginning at nucleotide 12, the primer contains a five followed by the second BiP cDNA sequence, using the 

nucleotide 'buffer sequence' at its 5' end for efficient enzyme amplicon flanked by Cla I and Nco I recognition sites. The 

digestion of the PCR amplicon products. This sequence is second heterologous gene follows the second BiP sequence, 

followed by the Apa I recognition site. 20 ^ DUS ' fr° m 5* to 3', the order of components is: SINBVdUR- 

Amplification of the BiP cDNA sequence from the Apa/Nco BiP-gene #1 -Cla/Nco BiP-gene #2-3' SIN. 

pGEM5ZBiP5' plasmid for insertion into the Sindbis vectors Sequences which promote ribosomal re ad through are 

pKSSINBV, or pKSSINBVdURsjrc, is accomplished by placed immediately downstream of the disabled junction 

amplification with the following forward primer shown region in the pKSSINBVdlJR vector, which allows riboso- 

below. For these vectors, the BiP cDNA is inserted between 25 ma ^ scanning in genomic mRNA from non-structural gene 

two heterologous genes, which are placed in the region termination to the heterologous genes. The heterologous 

corresponding to the Sindbis structural genes. proteins are expressed from genomic length mRNA by 

5'-TAT ATA TCG ATG GTC GAC GCC GGC CAA ribosomal scanning. This extends the life of the infected 

GAC-3' (SEQ. ID NO. 67) target cell because no subgenomic transcription occurs in 

In addition to the BiP cDNA complementary sequences, 30 infected with this vector. Further, these same ribosomal 

beginning at nucleotide 12, the primer contains a five scanning sequences are placed between heterologous genes 

nucleotide 'buffer sequence' at its 5* end for efficient enzyme contained in polycistronic subgenomic mRNAs. The ribo- 

digestion of the PCR amplicon products. This sequence is somal spanning sequence to be used in the pKSDINBVdUR 

followed by the Cla I recognition site. vector and between heterologous genes in the polycistronic 

The reverse primer for amplification of the BiP cDNA 35 mRNA region is: 

sequence from the pGEM5ZBiP5* plasmid for insertion into S'-JJA £EE AAC GGC CGC CAC ££X GG-3* (SEQ. ID 

the Sindbis vectors pKSSINBVdlJR, pKSSINBV, or NO. 69) 

pKSSINBVdURsjrc, is: The boldfaced codons refer to the ochre stop codon and 

5 -TATATC CAT GGT GCC AGC CAG TTG GGC AGC AUG start codon, respectively. The bases underlined sur- 

AG-3' (SEQ. ID NO. 68) 40 rounding the stop codon refer to the Pac I recognition site 

In addition to the BiP cDNA complementary sequences, and the bases underlined surrounding the start codon refer to 

beginning at nucleotide 12, the reverse primer contains a five me Nco 1 recognition site. The intercistronic distance of 15 

nucleotide 'buffer sequence' at its 5' end for efficient enzyme bp between the start and stop codons allows efficient ribo- 

digestion of the PCR amplicon products. This sequence is s° mal readthrough, as shown previously (Levine et al., Gene 

followed by the Nco I recognition site. Amplification of the 45 108:167-174, 1991). The sequences surrounding the ATG 

BiP cDNA from the pGEM5ZBiP5' is accomplished with start codon from bases -9 to +1 conform to the Kozak 

PCR protocol that are described above. In a similar manner, consensus sequence for efficient translational initiation 

the ATG corresponding to the start codon of the heterolo- (Kozak, Cell 44:283-292, 1986). Where possible, the 3* 

gous gene to be inserted immediately downstream of the BiP terminal nucleotide corresponding to the carboxy terminal 

IRES insert is modified to contain an Ncol site (CCATGG) 50 amino acid is changed to T, by site-directed mutagenesis, 

while the 3' end is modified to contain a Clal site. Also, the 5' terminal nucleotide corresponding to the amino 

For insertion into the pKSSINBVdUR vector, the 242 bp terminal amino acid in the downstream cistron is changed to 

BiP IRES amplicon is digested with Apa I and Nco I and G, by site-directed mutagenesis. 

purified on amplicon 2% agarose gel. The heterologous gene Insertion of the intercistronic sequence between heterolo- 

amplicon is digested with Ncol and Clal and purified in a 55 g°us genes, or downstream of the disabled junction region 

similar manner. Both fragments are li gated into the CLAP ™ vector pKSDINBVdUR, modified as described above, is 

treated vector digested with Apa I and Clal as described in accomplished by insertion of the double-stranded oligo- 

example 4. nucleotide pair shown below, into compatible Pac I/Nco I 

For insertion into the pKSSINBV or pKSSINBVdURsjrc ends: 

vectors between heterologous genes, the 242 bp BiP IRES 60 Read through sense Oligonucleotide: 

amplicon is digested with Cla I and Nco I, purified on a 2% 5'-TAA CGG CCG CCA C-3' (SEQ. ID NO. 70) 

agarose gel, and ligated into the bicistronic heterologous Read through antisense Oligonucleotide: 

gene vector digested with Cla I and Nco I and treated with S'-CCATGG TGG CGG CCG TTA AT-3' (SEQ. ID NO. 

CLAP. In a biscistronic heterologous gene configuration, the 71) 

3* end of the upstream heterologous gene is modified to 65 The oligonucleotides above are mixed in equal molar 

terminate in a Cla I recognition site. The ATG corresponding quantities in the presence of 10 mM MgCl^, heated at 95° C. 

to the start codon of the second downstream heterologous for 5 min, then allowed to cool slowly to room temperature, 



5,843,723 

89 90 

yielding the desired intercistronic sequence flanked by Pac particle capable of transferring expression of both luciferase 

I and Nco I sites. The intercistronic sequence is then ligated and p-galactosidase into the same eukaryotic cell, 

into the appropriate vector containing Pac I and Nco I The p-galactosidase reporter gene is inserted into the 

compatible sites. Sindbis Basic Vector (pKSSINBV) followed by deletion of 

Another aspect of the present invention to enable expres- 5 a portion of the Sindbis non-structural proteins from the 

sion of multiple heterologous genes in eukaryotic layered vector. RNA from this construct is cotransfected with RNA 

vector initiation systems is based on the use of alternate from Sindbis Luciferase Vector (pKSSINBV-hic) and is 

splicing signals. In this configuration, a splice donor copackaged by one of the methods described in Example 7. 

sequence is inserted immediately downstream of the junc- Infection of fresh BHK-21 cells with vector particles con- 

tion region promoter, followed by one or more heterologous 10 laining the copackaged RNA expression cassettes should 

genes, each of which is preceded by a splice acceptor result in the expression of both luciferase and 

sequence. As such, multiple splice acceptor/heterologous P-galactosidase in the same cell. 

gene inserts may be arrayed 3* to one another. This creates B - CONSTRUCTI ON O F A P-GALACTOSIDASE 

a system whereby multiple heterologous genes are expressed EXPRESSION CASSETTE 

from a single eukaryotic layered vector initiation system is KSSINBV-linker is digested with the enzyme Sac I, 

transcript, which is processed alternately at each splice wmch cleaves immediately after the Sindbis 3*-end and poly 

acceptor site to give rise to individual autocatalytic RNAs A sequence. The digested fragment is treated with alkaline 

encoding an individual heterologous gene. In such a system, phosphatase and purified using Geneclean. Two 12 mer 

levels of expression for each heterologous gene is controlled oligonu cleot ides, 

independently by altering the nucleotide sequence of the 20 5'GGJTIAAACAGGAGCT 3* (SEQ. ID NO. 72) 

splice acceptor site. In addition, multiple splice donor/ 5°CCTGTTTAAACCAGCT 3' (SEQ ID NO. 73) 

acceptor sites may be engineered into the system. Finally, which form the Pme I site with SacI compatible ends when 

tissue specific splice donor/acceptor sequences may be uti- hybridized, were phosphorylated and ligated into the SacI 

lized in such a system to control the expression in specific digested vector. This construct is known as pKSSINBV- 

tissues. 25 Linker- Pme I. The Pme I recognition site is substituted for 

the Sac I site in order to create a site for linearization of the 

Example 6 plasmid prior to SP6 transcription. The lacZ gene contains 

EXPRESSION OF MULTIPLE HETEROLOGOUS several Sac 1 sitcs * P^SSINB V-Linker-Pmel is digested with 

GENES BY COPACKAGING * an< * * followed by purification with 

30 GENECLEAN. The lacZ gene is obtained by digestion of 

The ability to copackage multiple RNA molecules in the pSV p-galactosidase vector DNA(Promega Corp., Madison, 

same alphavims vector particle can be useful for the expres- wis.) with the enzyme Hindin. The digest is blunt-ended 

sion of multiple heterologous gene products from a single with Klenow DNA polymerase and dNTPs. The Klenow is 

alphavirus vector particle. In addition, this concept can also heat killed and the plasmid is further digested with Bam HI 

be adapted in order to allow very large genes to be carried 35 and Xmn I. Xmn I reduces the size of the remaining vector 

on RNA molecules separate from the alphavims vector RNA fragment to simplify gel purification of the lacZ fragment, 

containing the nonstructural genes, thus avoiding the need to The 3.7kbp lacZ fragment is purified from a 1% agarose gel 

package very long vector RNA molecules. and ligated into the PmU/Bcl I digested pKSSINB V-Linker- 

In order to accomplish such repackaging, all RNA frag- Pmel fragment This construct is known as pKSSINBV- 

ments must contain a 5 f sequence which is capable of 40 lacZ. pKSSINB V-lacZ is digested with Bsp EI and religated 

initiating transcription of an alphavirus RNA, an alphavirus under dilute conditions. This results in the removal of the 

RNA polymerase recognition sequence for minus-strand Sindbis nonstructural proteins between nt#422-7Q54. This 

synthesis, and at least one copy of the RNA packaging Sindbis construct is known as pKSSINB VdlNSP-lacZ. 

sequence. At least one of the RNA fragments also must pKSSINBVdlNSP-lacZ and pKSSLNBV-luc are linear- 

contain sequences which code for the alphavirus non- 45 ized with Pme I and Sac I, respectively, and SP6 transcripts 

structural proteins. Within preferred embodiments of the are prepared as described in Example 3. These RNA tran- 

invention, one or more of the RNA fragments to be copack- scripts are cotransfected into packaging cells that express the 

aged also will contain a viral junction region followed by a Sindbis structural proteins by one of the mechanisms 

heterologous gene. described in Example 7. Each RNA transcript contains a 5* 

A. CONSTRUCTION OF COPACKAGED EXPRESSION 50 sequence that is capable of initiating transcription of a 

CASSETTES FOR EXPRESSION OF MULTIPLE HET- Sindbis virus, RNA sequences required for packaging, a 

EROLOGOUS GENES Sindbis junction region, a reporter gene, and Sindbis 3* 

In order to demonstrate the feasibility of copackaging to sequences required for synthesis of the minus strand RNA. 

allow for the expression of multiple heterologous genes, two The pKSSINB V-luc transcript also contains the Sindbis 

vector constructs are created. The first construct consists of 55 non-structural proteins. In cotransfected cells, both RNA 

a 5' sequence that is capable of initiating transcription of transcripts are replicated and some viral particles will con- 

Sindbis virus RNA, Sindbis RNA sequences required for tain both RNA transcripts copackaged into the same particle, 

packaging, sequences encoding the synthesis of nonstruc- Infection of fresh cells with the copackaged RNA particles 

tural proteins 1-4, a Sindbis junction region, the luciferase will result in cell that express both luciferase and 

gene, and Sindbis 3' sequences required for synthesis of the 60 p-galactosidase. 

minus strand RNA. The second construct consists of a 5' C. COPACKAGING OF MULTIPLE EXPRESSION CAS- 

sequence that is capable of initiating transcription of a SETTES TO INCREASE PACKAGING CAPACITY 

Sindbis virus, Sindbis sequences required for packaging, a Large genes such as Factor VI D can benefit from copack- 

Sindbis Junction region, Sequences encoding the LacZ gene, aging. Briefly, insertion of the cDNA coding for Factor VIII 

and Sindbis 3' sequences required for synthesis of the minus 65 into the Sindbis Basic Vector (pKSSINB V) results in an 

strand RNA. RNA transcripts of these constructs transfected RNA transcript approaching 16 kb in length. Because of the 

into a packaging cell line are copackaged to produce a vector increased length, this RNA cannot be replicated or packaged 
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efficiently. Using approaches described above, the Sindbis 
nonstructural proteins and the Factor VIII gene could be 
divided onto separate RNA molecules of approximately 8 kb 
and 9 kb in length, and copackaged into the same particles. 

D. CONSTRUCTION OF A FACTOR VT1I EXPRESSION 
CASSETTE 

The pKSSINBV-Linker-Pmel construct is digested with 
the enzyme Bsp EI and religated under dilute conditions. 
This results in the removal of the Sindbis nonstructural 
proteins between nt#422-7054. This construct is known as 
pKSSINBVdlNSP-Linker-Pmel. The pKSSINBVdlNSP- 
Linker-Pmel construct is digested with the enzymes Pml I 
and Stu I and purified by using Geneclean. The source of 
Factor VIII cDNA is clone pSP64Vni, an ATCC clone under 
the accession number 39812 having a cDNA encoding the 
full-length human protein. pSP64-VIII is digested with Sal 
I, the ends are blunted with T4 DNA polymerase and 50 uM 
of each dNTP, and the ca. 7700 bp. fragment is elect ro- 
phoresed on a 0.7% agarose/TBE gel and purified with 
Geneclean. The 7.7 kb fragment encoding Factor VIII is 
purified in a 0.7% agarose gel and subsequently ligated to 
the Pml I/Stu I digested pKSSINBVdlNSP-Linker-Pmel 
fragment. This construct is known as pKSSINBVdlNSP- 
Factor VID. 

pKSSINBVdlNSP-Factor VIII and pKSSINBV con- 
structs are linearized with Pme I and Sac I, respectively. SP6 
transcripts are prepared as described in Example 3. These 
RNA transcripts are cotransfected into packaging cells that 
express the Sindbis structural proteins by one of the mecha- 
nisms described in Example 7. Both RNA transcripts contain 
a 5' sequence that is capable of initiating transcription of 
Sindbis RNA, sequences required for RNA packaging, a 
Sindbis Junction region, and the Sindbis 3' sequences 
required for synthesis of the minus strand RNA. In addition, 
the pKSSINBV transcript contains the Sindbis nonstructural 
protein genes, and the pKSSINBVdlNSP-Factor VDI con- 
struct contains the Factor VIII gene, but not the Sindbis 
nonstructural protein genes. In cotransfected cells, both 
RNA transcripts are replicated and some viral particles will 
contain both RNA transcripts copackaged into the same 
vector particle. Infection of fresh BHK-21 cells with the 
copackaged RNA will result in Factor VIII expression only 
if both RNA molecules are present in the same cell. 

E. CONSTRUCTION OF AN AURA VIRUS COPACKAG- 
ING VECTOR 

To develop Aura virus expression systems analagous to 
those described for Sindbis, standard techniques known in 
the art (e.g., Sambrook et al., Molecular Cloning: A Labo- 
ratory Manual, Cold Spring Harbor Laboratory Press, 
1989), as well as specific approaches described herein, will 
be utilized for constructions. Virus, obtained from the 
ATCC, is propagated on cultured cells, its virion RNA 
extracted, and cDNA spanning the entire genome synthe- 
sized and cloned using conventional techniques. This cDNA 
is then used to construct gene transfer vector systems similar 
in principal to those described above, including, but not 
limited to, a replicon capable of carrying the heterologous 
gene(s), packaging cell lines that express the structural 
protein genes, and unique to this system, a separate 
packaging-competent subgenomic vector capable of carry- 
ing the additional heterologousgene(s). Since Aura virus 
subgenomic RNA contains a packaging signal, preliminary 
experiments are performed to identify this sequence, in order 
to prevent its inactivation during replacements with heter- 
ologous the gene(s). After identification of the packaging 
sequence, the individual elements of this Aura-based system 
are generated. 



A basic replicon vector is constructed to contain the 
following minimum elements: Aura 5' sequences necessary 
for replication, nonstructural protein coding regions, a modi- 
fied or unmodified junction region for subgenomic mRNA 

5 synthesis, a restriction enzyme site for insertion of heter- 
ologous gene(s), one or more copies of the packaging signal, 
and 3* Aura sequences necessary for replication, including a 
polyadenylate sequence. An upstream bacteriophage RNA 
polymerase promoter will be utilized for in vitro transcrip- 

10 tion of replicon RNA; alternatively, a eukaryotic RNA 
polymerase promoter will be utilized for transcription 
directly from cDNA. 

A packaging-competent subgenomic vector is also con- 
structed to contain the following minimum elements: a 

is modified or unmodified junction region, a restriction 
enzyme site for insertion of heterologous gene(s), one or 
more copies of the packaging signal, and 3* Aura sequences 
necessary for replication/minus-strand synthesis, including a 
polyadenylate sequence. The subgenomic vector may, in 

20 some cases, be constructed with the Aura 5' replication 
sequences positioned upstream of the junction region, such 
that the vector will function as an amphcon. Transcription of 
subgenomic vector RNA can be accomplished in vitro using 
a bacteriophage RNA polymerase promoter, or cDNA in 

25 vivo using a eukaryotic RNA polymerase promoter. Further, 
the initial transcript may be of the sense-configuration or of 
the antisense -configuration. 

Packaging cell lines are also constructed as described 
previously for Sindbis vectors, such that mRNA for one or 

30 more of the structural proteins will be transcribed from the 
junction region and be inducible by the Aura replicon. In 
other cases, one or more of the structural proteins can be 
expressed under the control of an inducible or constitutive 
eukaryotic promoter. In each case, specific inactivating 

35 mutations are made in any packaging sequences present in 
the structural protein genes, in order to prevent encapsida- 
tion of these sequences with the replicon. These mutations 
should be silent changes, usually at the third position of the 
codon, which do not affect the amino acid encoded. 

40 The ability to package multiple heterologous genes can be 
exploited for many therapeutic applications, which include, 
but are not limited to, expression of multiple cytokines, 
multiple CTL epitopes, combinations of cytokines and CTL 
epitopes to enhance immune presentation, multiple subunits 

45 of a therapeutic protein, combinations of therapeutic pro- 
teins and antisense RNAs, etc. In addition to its utility for the 
expression of multiple heterologous genes, the packaging of 
subgenomic mRNAs into virions also enables this vector 
system for the transfer of extremely long heterologous 

50 sequences. Furthermore, this multipartite approach is useful 
in the development of producer cell lines, wherein replicase 
proteins and structural proteins are being stably expressed, 
and any heterologous gene contained within a subgenomic 
vector could then be readily introduced as a stable integrant. 

55 Example 7 

CONSTRUCTION OF ALPHAVIRUS 
PACKAGING CELL LINES 
A. SELECTION OF PARENT CELL LINES FOR 
60 ALPHAVIRUS PACKAGING CELL LINE DEVELOP- 
MENT 

1. PERSISTENTLY OR CHRONICALLY INFECIABLE 
CELLS 

An important criteria in selecting potential parent cell 
65 lines for the creation of alphavirus packaging cell lines, is 
the choice of cell lines that exhibit little or no cytopatho- 
logical effects, prior to the appropriate production of 
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alphavirus vector particles. This criteria is essential for the colonies are pooled, dilution cloned, and tested for high titer 

development of an alphavirus vector producer cell line Sindbis production. 

which can be propagated for long periods of time and used 2. MODIFICATION OF CELLS 1X3 DECREASE SUSCEP- 
as a stable source of vector. It is known that alphavirus T1BIUTY TO ALPHAVIRUS EXPRESSION: SUPPRES- 
infection of most mammalian cells results in cytopathology 5 SION OF APOPTOSIS AND CYTOPATHOLOGY 
and lysis of the cell. However, the derivation of packaging Packaging cell lines may also be modified by ove rex- 
cells from various insect cell lines may circumvent this pressing the bcl-2 gene product in potential parent cell lines, 
problem. For example, insect cell lines, such as Aedes such as canine D-17 and C£2; human HT1080 and 293; quail 
albopictus, Aedes aegypti, Spodoptera frugiperda, and QT-6; baby hamster kidney BI IK-21; mouse neuroblastoma 
Drosophila melanogaster cells, may be utilized to construct 10 N18; and rat prostatic adenocarcinoma AT-3. The conversion 
packaging cell lines. For example, within one embodiment, of these cells to a persistently injectable state allows for their 
alphavirus packaging cell lines are provided using an con- use as alphavirus packaging and producer cell lines, similar 
figuration uses an insect parent cell line, such as the Aedes to those of retrovector producer lines. 
albopictus, containing a stably transfected expression cas- In order to construct such packaging cells, a bcl-2 expres- 
sette vector which allows for expression of alphavirus 15 sion vector is constructed by using standard recombinant 
structural proteins under the control of inducible or non- DNA techniques in order to insert the 910 base pair Eco RI 
inducible promoters active in these cell types, and cDNA fragment derived from the plasm id p84 (Nature 
co-expressing a selectable marker. 336:259) into any commercially available expression vector 

Recently, a Sindbis virus-induced protein of cellular containing a constitutive promoter and encoding a selectable 

origin, which has been associated with lie down-regulation 20 marker, for example, pCDNA3 (Invitrogen, San Diego, 

of Sindbis virus production in some infected Aedes albop- Calif.). Careful consideration must be taken to avoid any 

ictus cells, has been identified and purified and Brown, type of homology between alphavirus nucleic acid 

Virology 194(1):44~49, 1993. The protein is a small hydro- sequences and other transduced vectors. This precaution 

phobic peptide of approximately 3200 Da., which can should be taken in order to prevent recombination events 

induce an antiviral state and inhibit both 49S and 26S viral 25 which may lead to undesirable packaging of selectable 

RNA synthesis. Cells treated with the antiviral peptide markers or the bcl-2 oncogene in recombinant Sindbis 

usually demonstrate quiescent arrest of cellular division for particles. This is an important point, since the alphavirus 

96 hours in uninfected cells, and then normal growth rates vector system described herein is designed for use as a 

are restored. Cells that have been exposed to this peptide biological therapeutic. Once the bcl-2 expression vector is 

prior to infection are unable to replicate Sindbis virus and 30 constructed, the parent cell line (i.e., BHK-21 cells) is 

appear to maintain this phenotype by constitutively produc- transfected using any standard technique and selected after 

ing the antiviral protein through 10 months of continuous 24 hours using the appropriate marker. Resistant colonies 

passage. are pooled, followed by dilution cloning, and then individual 

It is recognized that this cellular response to Sindbis clones are propagated and screened for bcl-2 expression, 

replication in Aedes albopictus cells might decrease the 35 Once expression is verified, persistent Sindbis infection is 

efficiency of a recombinant alphavirus vector producing tested, followed by its use as a parent cell line for alphavirus 

system in those cells. To improve the efficiency of alphavirus packaging cell line development. 

vector production, two methods have been devised to inac- Other gene products, in addition to the bcl-2 oncogene, 
tivate the virus-induced cellular antiviral protein, thus pre- which suppress apoptosis may likewise be expressed in an 
venting any reduction of vector particle titers. The first 40 alphavirus packaging or producer cell line. Three viral genes 
method entails purification of this cellular protein described which are particularly preferred include: the adenovirus EIB 
above, and determination of a portion of the primary amino gene encoding the 19-kD protein (Rao et al., PNAS 
acid sequence using established techniques known in the art. 89:7742-7746, 1992), the herpes simplex virus type 1 a 34.5 
The resulting amino acid sequence is then used to derive gene (Chou and Roizman, PNAS 89:3266-3270, 1992), and 
possible corresponding genomic sequences, enabling one to 45 the AcMNPV baculovirus p35 gene (Clem et al., Science 
design a degenerate PCR primer pair which can be used to 254:1388-1390, 1991). These individual genes may be 
amplify the specific cellular sequence. This amplified inserted into any commercially available plasmid expression 
sequence is then cloned using standard techniques known in vectors, under the control of appropriate constitutive eukary- 
the art, to obtain a discreet region of the gene encoding this otic transcriptional promoters, and also containing a select- 
inhibitory protein. Determination of the nucleotide sequence 50 able marker, using standard techniques. The expression 
of this clone then enables one to design a vector which will vector constructs are subsequently transfected into cell lines 
integrate specifically within this Sindbis inhibitory gene by as described above, and the appropriate selection is applied, 
homologous recombination, and "knock out** its capacity to Selection for stable integration of these genes and constitu- 
express a functional protein. Cell clones which contain the tive expression their products should allow for more 
knock out sequence are identified by insertion of a selectable 55 extended vector production in cell lines found to be suscep- 
marker into the discreet cloned region of the inhibitory tible to alphavirus-induced apoptotic events. In addition, it is 
protein, prior to transfecting cells with the vector. feasible that each gene product inhibits apoptosis by its own 
A second method for disabling this Sindbis vims inhibi- unique mechanism. Therefore, the genes may also be intra- 
tory protein involves the treatment of Aedes albopictus- duced into packaging or producer cell lines in various 
derived packaging cells with a mutagen, for example, 60 combinations in order to obtain a stronger suppressive effect. 
BUDR (5-bromodeoxyuridine). The mutagenized packaging Finally, other gene products having similar effects on apo- 
cell line population is then transfected or transduced with a ptosis can also be readily incorporated into packaging cell 
Sindbis vector, which is able to express the neomycin lines as they are identified. 

resistance marker. Under high concentrations of the G418 In the derivation of alphavirus vector packaging and 

drug, only those cells producing large amounts of Sindbis 65 producer cell fines, many approaches are outlined to control 

vector, and thus unable to express the Sindbis inhibitory the expression of viral genes, such that producer cell lines 

gene, will be able to survive. After selection, resistant stably transformed with both vector and vector packaging 
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cassettes, can be derived. These approaches include induc- 
ible and/or cellular differentiation sensitive promoters, anti- 
sense structural genes, heterologous control systems, and 
mosquito or other cells in which viral persistent infections 
are established. Regardless of the final configuration for the 5 
alphavirus vector producer cell line, the ability to establish 
persistent infection, or at least delay cell death as a result of 
viral gene expression, may be enhanced by inhibiting apo- 
ptosis. For example, the DNA tumor viruses, including 
adenovirus, HPV, SV40, and mouse polyomavirus (Py), 10 
transform cells in part, by binding to, and inactivating, the 
retinoblastoma (Rb) gene product pl05 and its closely 
related gene product, pl07, and other gene products 
involved in the control of the cell cycle including cyclin A, 
P33**" 2 and pM cdc2 . All of these viruses, except for Py, 15 
encode gene products which bind to and inactivate p53. 
Uniquely, Py encodes middle T antigen (ml) which binds to 
and activates the membrane tyrosine kinase, src, and also 
phospbatidylinositol-3-kinase, which is required for the full 
transformation potential of this virus (Talmage et al, Cell 20 
59:55-65, 1989). The binding to and inactivation of the Rb 
and p53 recessive oncogene products prevents cells trans- 
formed by these DNA tumor viruses from entering the 
apoptotic pathway. It is known that p53 is able to halt the 
division of cells, in part by inhibiting the expression of 25 
proteins associated with cellular proliferation, including 
c-fos, hsc70, and bcl-2 (Miyashita et al., Cancer Research 
54:3131-3135,1994). 

In order to extend the duration of alphavirus vector 
production, or to promote a persistently infectable state, 30 
packaging and producer cells are transformed with viral 
genomic DNA from Py or SV40. In particular, SV40 and Py 
transformed cell lines are established, and the kinetics and 
level of Sindbis production and cytopathology after viral 
infection determined. If apoptic events characteristic of 35 
Sindbis proliferation in hamster cells are diminished, each 
prototype alphavirus packaging and producer cell line sub- 
sequently is transformed with Py or SV40, in order to 
increase the yield of packaged vector from these cells. 
3. MODIFICATION OF CELLS TO DECREASE SUSCEP- 40 
TIBILITY TO ALPHAVIRUS EXPRESSION: PRODUC- 
TION OF ACTIVATION-DEPENDENT VECTOR PAR- 
TICLES 

The Sindbis E2 glycoprotein is synthesized as a precursor, 
PE2. This PE2 precursor along with the second viral 45 
glycoprotein, El, associate in the endoplasmic reticulum and 
are processed and transported to the infected cell membrane 
as a heterodimer for virion incorporation. At some point 
during this processing, PE2 is cleaved into E3 and the 
mature virion glycoprotein E2. E3 is the 64 amino-terminal 50 
residues of PE2 and is lost in the extracellular void during 
maturation. The larger cleavage product, E2, is associated 
with El and anchored in what becomes the viral envelope. 
Host cell protease(s) is responsible for processing of the PE2 
precursor, cleaving at a site that immediately follows a 55 
highly conserved canonical four amino acid (aa) residue 
motif, basic-X-basic-basic aa's. A mutant cell line derived 
from the CHO-K1 strain, designated RPE.40 (Watson et al., 
J. Virol 65:2332-2339, 1991), is defective in the production 
of Sindbis virus strain AR339, through its inability to 60 
process the PE2 precursor into the E3 and mature E2 forms. 
The envelopes of Sindbis virions produced in the RPE.40 
cell line therefore contain a PE2/E1 heterodimer. RPE.40 
cells are at least 100-fold more resistant to Sindbis virus 
infection than the parental CHO-K1 cells, suggesting an 65 
inefficiency in the ability of PE2 containing virions to infect 
these cells. The defective virions produced by the RPE.40 
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cell line can be converted into a fully infectious form by 
treatment with trypsin. 

In packaging and producer cell lines, any wild-type 
alphavirus that is produced by recombination between vec- 
tor and structural protein gene RNAs will re- infect cells and 
be rapidly amplified; thus, significantly contaminating and 
decreasing the titer of packaged vector preparations. Pack- 
aging and producer cells developed from the RPE.40 line are 
an alternative to other cell lines permissive for alphavirus 
infection due to the inefficient amplification of any wild-type 
virus generated during vector production and packaging. 
Thus, vector preparations are not significantly contaminated 
with wild-type vims. Furthermore, the benefits of this sys- 
tem are extended to other packaging and producer cell lines 
by developing "knock-out" mutants in their analogous cel- 
lular protease(s), using techniques known in the art. 
4. HOPPING CELL LINE DEVELOPMENT 

Alphavirus hopping cell lines, as discussed previously, are 
used transiently to produce infectious RNA vector particles 
which have been pseudotyped for a different cellular recep- 
tor tropism. Once the hopping cell line produces vector 
particles, it is no longer required because only the infectious 
culture supematants are needed to transduce the original 
alphavirus packaging cell lines discussed above. Therefore, 
the hopping cell line need not exhibit persistent infection by 
alphavirus in order to transiently produce vector particles. In 
this instance, the parent cell line can be either an insect cell 
line that exhibits persistent infection, or a mammalian cell 
line which is likely to lyse within 24-72 hours after a 
productive alphavirus infection. The only criteria is that the 
cell lines are able to express either VSV-G protein, with or 
without the appropriate alphavirus structural proteins, or 
retroviral gag-pol and env protein without affecting cell 
growth prior to introduction of the alphavirus RNA vector. 
Therefore, the alphavirus hopping cell line can be any of the 
aforementioned parent cell lines able to support either 
alphavirus or retroviral replication, without the additional 
cell modifications discussed previously, such as bcl-2 onco- 
gene expression. 

The generation of VSV-G pseudotyped alphavirus vector 
particles can be accomplished by at least three alternative 
approaches, two of which are dependent on the stable 
integration of a VSV-G expression cassette into cells. 
VSV-G protein is known to be highly cytotoxic when 
expressed in cells. Therefore, synthesis of this protein by the 
expression cassette is controlled by an inducible promoter. 
Specifically, a DNA fragment containing the VSV-G protein 
gene is isolated from plasmid pLGRNL (Emi et al., J. Virol. 
65:1202-1207, 1991) by digestion with Bam HI, the termini 
made blunt using Klenow fragment enzyme and dNTPs, and 
the 1.7 kb fragment purified from a 1% agarose gel Plasmid 
vector pVGELVIS-SINBV-linker (from Example 3), is 
digested with the enzyme Bsp EI to remove Sindbis non- 
structural protein coding sequences nts. 422-7054, and the 
remaining vector is re-ligated to itself to generate plasmid 
pVGELVISdlNSP-BV-Iinker. This plasmid is then digested 
with Xho I and the termini made blunt using Klenow 
fragment enzyme and dNTPs. The previously purified 
VSV-G fragment is subsequently ligated with this vector 
DNA, and resulting clones are screened for proper VSV-G 
insert orientation. This pVGELVIS-based VSV-G expres- 
sion construct, in which VSV-G synthesis is controlled by a 
Sindbis replicon-inducible junction region, is designated 
pVGELVISdl-G. 

Alternatively, a similar Sindbis replicon-inducible VSV-G 
expression cassette may be generated in the antisense con- 
figuration. In particular, plasmid vector pKSSINBV- linker 
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(described in Example 3) is digested with the enzymes Apa 
I and Bam HI to most of the Sindbis nonstructural protein 
coding region, and the resulting 3309 bp vector fragment is 
purified from a 1% agarose gel. In addition, plasmid pdS 1 - 
26s (described in section B.3., this example) also is digested 5 
with the enzymes Apa I and Bam HI. The resulting 400 bp 
fragment which contains the HDV ribozyme/Sindbis 5*-end 
fusion is purified from a 1% agarose gel and subsequently 
ligated with the purified pKSSINBV-linker vector fragment 
to generate a plasmid designated pdS'-BVlinker. Plasmid 10 
pd5-BVlinker is subsequently digested with Xho I, the 
termini made blunt using Klenow fragment enzyme and 
dNTPs, and ligated with the previously purified VSV-G 
fragment. The resulting construct, containing the expression 
cassette elements HDV antigenomic ribozyme/Sindbis 15 
5*-end 299 nts./Sindbis junction regjon/VSV-G protein gene/ 
Sindbis 3'-end untranslated region, is designated as plasmid 
pd5'-BV-G. Insertion of this VSV-G gene cassette into the 
pcDNA3 vector is as follows. Plasmid pd5'-BV-G is 
digested with the enzymes Pme I and Apa I, and the termini 20 
are made blunt by the addition of T4 DNA polymerase and 
dNTPs. The entire 25 kb VSV-G protein gene cassette is 
purified in a 1% agarose gel. Plasmid pcDNA3 is digested 
with the enzymes HindUI and Apa I and the termini are 
made blunt by the addition of T4 DNA polymerase and 25 
dNTfc, and the 5342 bp vector is purified in a 1% agarose 
gel. The two purified, blunt-end DNA fragments are subse- 
quently ligated, and the resulting VSV-G protein gene 
expression cassette vector is known as plasmid pCMV/ 
d5*VSV-G. Further modifications of the VSV-G expression 30 
cassettes pVGELVISdl-G and pCMV/d5' VSV-G to substi- 
tute other selectable markers, for example hygromycin resis- 
tance or E. coli gpt, for the current neomycin resistance, or 
other promoter elements, for example Drosophilia metal- 
Iothionein or hsp 70, for the current CM V, MuLV, and SV40 35 
promoters, may be readily accomplished given the disclo- 
sure provided herein. 

In a first VSV-G/alphavirus hopping cell line 
configuration, VSV-G expression cassette plasmid DNA 
(pVGELVISdl-G or pCMV/d5'VSV-G, or modified versions 40 
thereof) is transfected into the appropriate cell type (for 
example, BHK-21 cells) and selection for G418 resistance is 
applied using media containing 400 g/ml of G418 as 
described elsewhere in this example. G418- resist ant cells 
are cloned by limiting dilution and the individual cell lines 45 
expanded for screening. VSV-G expressing cell lines are 
detected by transfection with any nonstructural protein gene- 
containing RNA vector (see Example 3) to induce the 
VSV-G expression cassette, followed by immunofluores- 
cence using polyclonal rabbit anti-VSV antibody as 50 
described (Rose and Bergmann, Cell 34:513-524, 1983). 
The stably transfected VSV-G expressing cell line, in some 
cases, is subsequently transfected with plasmid expression 
cassettes) which express one or more Sindbis structural 
proteins (described elsewhere in this example). For the 55 
production of VSV-G pseudolyped alphavirus particles, the 
appropriate vector RNA is transfected into the VSV-G 
hopping cell line, and vector particle-containing superna- 
tants are recovered at least 24 hours post-transfection. 

In a second VSV-G/alphavirus hopping cell line 60 
configuration, VSV-G expression cassette DNA 
(pVGELVISdl-G or pCMV/d5 , VSV-G, or modified versions 
thereof) is transfected into previously derived alphavirus 
packaging cell lines (described elsewhere in this example) 
and the appropriate selection is applied as described previ- 65 
ously. The selected cells are cloned by limiting dilution and 
the individual cell lines expanded for screening. VSV-G 
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expressing cell lines are detected by transfection with any 
nonstructural protein gene-containing RNA vector (see 
Example 3) to induce the VSV-G expression cassette, fol- 
lowed by immunofluorescence using polyclonal rabbit anti- 
VSV antibody as described (Rose and Bergmann, Cell 
34:513-524, 1983). For the production of VSV-G pseudot- 
yped alphavirus particles, the appropriate vector RNA is 
transfected into the VSV-G hopping cell line, and vector 
particle-containing supematants are recovered at least 24 
hours post-transfection. 

In a third VSV-G/alphavirus hopping cell line 
configuration, VSV-G expression cassette DNA is 
co- transfected with the appropriate vector RNA into previ- 
ously derived alphavirus packaging cell lines (described 
elsewhere in this example). Supematants containing 
pseudolyped vector particles are recovered at least 24 hours 
post-transfection. 

For the pseudotyping of alphavirus vectors in retroviral 
packaging cell lines, any cell line referenced in the literature, 
which expresses retroviral gag-pol and env sequences, may 
be used to package alphavirus RNA vector that has been 
engineered to contain a retroviral packaging sequence. The 
retrovirus psi packaging sequence is inserted between the 
inactivated junction region and a synthetic junction region 
tandem repeat, such that only genomic-length vector, and 
not subgenomic RNA, is packaged by the retroviral enve- 
lope proteins. Re trovir al -b ased particles containing alphavi- 
rus vector RNA are produced by transfecting in vitro tran- 
scribed alphavirus vector RNA using procedures that have 
been described previously. Supematants with pseudotyped 
retroviral particles containing alphavirus RNA vector are 
harvested at 24 hours post-transfection, and these superna- 
. tants are then used to transduce an alphavirus packaging cell 
line. 

5. IDENTIFICATION OF PARENT CELL LINES WHICH 
PRODUCE ALPHAVIRUS RESISTANT TO INACTIVA- 
TION BY HUMAN COMPLEMENT 

Successful intravenous administration of recombinant 
alphavirus particles requires that the vector is resistant to 
inactivation in serum. It is well known to those skilled in the 
art that Sindbis grown on BHK cells is sensitive to 
inactivation, in terms of effective virus titer. In order to 
identify parent cell lines which produce Sindbis particles 
which are resistant to inactivation by human complement, 
the level of serum inactivation of Sindbis virus grown on 
multiple cell types is tested. The cell types tested are derived 
from many species, including human, for example, 293 or 
HT1080 (ATCC No. CCL 121). 

As a source of human complement, approximately 70 mis 
of blood are collected from patients into serum separating 
tubes (Becton Dickinson, Los Angeles, Calif.). The blood is 
allowed to clot for one half hour at room temperature. After 
clotting the serum is centrifuged at 2000 g for 10 minutes at 
4° C The serum is collected and placed into a 15 ml conical 
tube (Corning, Corning, N.Y.) and placed on ice. 
Approximately, 1.1 ml aliquots of the serum are placed in 2 
ml cryovials, frozen in a dry ice/ethanol bath and stored at 
-70° C. for subsequent serum inactivation assays. Comple- 
ment inactivated controls are prepared by heat inactivation 
of control aliquots for 30 minutes at 56° C. 

To test Sindbis for serum inactivation, two vials contain- 
ing 1.1 ml of 100% non-heat inactivated human serum are 
used for various virus preparations. One vial of serum is 
quick thawed at 37° C. The serum is then heated to 56° C 
for 30 minutes to heat inactivate complement present in the 
serum. Following inactivation the serum is placed on ice. 
The second vial is quick thawed at 37° C. After thawing the 
serum is placed on ice. 
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Approximately, 1.0 ml of the non-heat inactivated serum, In addition to their respective complementaries to the 

medium, and heat-inactivated senim are placed in separate indicated Sindbis nts, a 5 nucleotide "buffer sequence" 

15 ml tubes (Fisher Scientific, Pittsburgh, Pa.) and mixed followed by the Not I recognition sequence is attached to the 

with 10 s Plaque Forming units (PFU) of Sindbis virus and 5 , ends of each - er Following pcR amplification, the 

incubated at 37° C. fori hour. After incubation the tubes are 5 3J63 bp fragment fe purified [q a 1% agarose gel> ^ 

placed on subsequendy digested with the Not I enzyme. The resulting 

In order to identify the parent cell line host from which an „ ^TT? «_ .u i- * j /i • ♦ *u nnn 

... * « i_ ** *• *u 3,749 bp fragment is then ligated, separately, into the pOP13 

alphavirus is resistant to human serum inactivation, the ' ™™<-f,7 t v» . ' V . . * ... Kr fr j 

r . A . . .. i * , . # . . , and pOPRSVl vectors, which are digested with Not I and 

non-beat inactivated serum, medium, and heat-inactivated * . t . L , ^ 

„ . „ % # - „ h '*^ju««t,A,.. orc,. (n n nuv treated with calf intestine alkaline phosphatase. These 

serum virus preparations are Utered by plaque assay on BHK jq . . - «. 

cells. Equivalent virus titers regardless of incubation with expression cassette vectors, which contain the entire coding 

non-heat inactivated serum, medium, or heat-inactivated capacity of the Sindbis structural proteins are known as 

serum, are indicative of parent cell line hosts from which pOP13-SINSP and pOPRSVl-SINSR 

Sindbis virus is resistant to human complement inactivation. Variations of the lac operon-Sindbis structural protein 

B. STRUCTURAL PROTEIN EXPRESSION CON- 15 g ene expression cassettes also can be constructed using 

STRUCTS other viral, cellular or insect-based promoters. Using com- 

1 INDUCIBLE AND CONSTITUTIVE STRUCTURAL moD molecular biology techniques known in the art, the lac 

PROTEIN VECTOR EXPRESSION CASSETTES °P eron and me RSV L ™ promoter or just the RSV LTR 

The development of alphavirus packaging cell lines is P™"' , a T ^ S * aU S ene 

dependent on the ability to synmesizeh^h intracellular » P 0 ? 13 and P 0PRS V1 vectors and replaced by other pro- 

, ^ " , J , & .__ 20 moter sequences, such as the cytomegalovirus major lmme- 

levels of me necessary stmctural proteins: capsid, pE2 diate ter (pQPCMV-SINSP); the adenovirus major 

and/or E2, and El. Unfortunately, high level expression of kte promoter (pOPAMLP-SINSP); the SV40 promoter 

these proteins, in particular, the envelope glycoproteins E2 (pOPSV-SINSP): or insect promoter sequences, which 

and El, may lead to concomitant cytopathology and even- include the Drosophila metallothionein inducible promoter 

tual cell death. Therefore structural protein expression cas- & (pMET-SINSP), Drosophila actin 5C distal promoter 

settes have been designed with inducible regulatory ele- (pOPASC-SINSP), heat shock promoters HSP65 or HSP70 

ments which control the levels of gene expression, in (pHSP-SINSP), or the baculovirus polyhedrin promoter 

addition to others which maintain constitutive levels of (pPHED-SINSP). 

expression. 2. MODIFICATION OF CASSETTES TO INCREASE 

In a first configuration, expression of the alphavirus 30 PROTEIN EXPRESSION LEVELS 

structural proteins is under control of the RSV LTR, in Alphavirus structural protein expression can be increased 

conjunction with the inducible lac operon sequences. This is if the level of mRNA transcripts is increased. Increasing the 

achieved by insertion of alphavirus cDNA corresponding to level of mRNA transcripts can be accomplished by modi- 

the viral structural protein genes into the pOP13 and fying the expression cassette such that alphavirus nonstruc- 

pOPRSVl vectors (Stratagene). These vectors, used 35 rural proteins recognize these transcripts, and in rum, rep- 

separately, are co-transfected with the p3'SS vector licate the message to higher levels. This modification is 

(Stratagene), which expresses the lac repressor "i" protein. performed by adding the wild-type minimal junction region 

In the absence of inducer, for example, Isopropyl-B-D- core (nucleotides 7579 to 7602) to the extreme 5'-end of the 

thiogalactop yranoside (1PTG), the basal, or constitutive, Sindbis structural protein coding region, prior to the first 

level of expression of a luciferase reporter gene has been 40 authentic ATG start site for translation and inverting the 

reported to be 10-20 copies per cell. Addition of EPTG, expression cassette in the vector, so as to produce antisense 

results in a conformational change of the repressor protein, structural protein gene transcripts. This can be accomplished 

which results in decreased affinity of the lac i protein for by following the same PCR amplification technique 

lac-operator sequences, permitting high level expression of described above for placing the Sindbis structural protein 

the heterologous gene. Induction levels in the presence of 45 cDNA into the pOP13 and pOPRSVl expression vectors. 

IPTG of 95-fold have been reported for heterologous genes The only modification to this procedure is the replacement 

contained in the pOP13 vector. of the 7638F forward primer with a similar primer that 

Specifically, the Sindbis structural protein gene (SP) includes junction region core nucleotides 7579-7602 

cDNA is inserted into the pOP13 and pOPRSVl vectors as between the Not I restriction enzyme site and the first ATG 

follows. The SP coding region is amplified in toto with a 50 of the coding region as follows: 

primer pair whose 5' ends map, respectively, to the authentic Forward primer (JUN7638F): 

AUG translational start and UGA translational stop sites, 5'-TATATGCGGCCGCATCTCTACGGTGGTCCTA- 

inchiding the surrounding nucleotides corresponding to the AATAGTACCACCACCATGAATAGAGGATTC-3' 

Kozak consensus sequence for efficient translational initia- (SEQ. ID NO. 76) 

tion at Sindbis nt 7638. The forward primer is complemen- 55 Following PCR amplification, the resulting 3,787 bp 

tary to Sindbis nts 7638-7661, and the reverse primer is fragment is purified in a 1% agarose gel, then subsequently 

complementary to Sindbis nts 11,384-11,364. PCR ampli- digested with the Not I enzyme. The resulting 3/773 bp 

fication of Sindbis cDNA corresponding to the structural fr t fe ^ separately, into the pOP13 and 

protein genes is accomplished by a standard three- ^rm^,^ * 1-* 1- j* * j . lL m t t , t 4 , 

f J 3 A r , ; , L ftl . pOPRSVl vectors which are digested with Not I and treated 

temperature cycling protocol, using the following oligo- ■ . - , , m 

nucleotide pair* with calf intestine alkaline phosphatase. The resulting 

Forward primer (7638F): expression cassette vectors are known as pOP13-JUNSINSP 

5*-TATATGCG GCCG CACCACCACCATG AATAG A- pOPRSVl-JUNSINSP. However, it must be stated that 

GGAirCTTTAACArGC-3' (SEQ. ID NO. 74) introduction of junction region sequences into the struc- 

Re verse primer (11384R): 65 rural protein expression cassettes will introduce sequences 

5'-TATArGCGGCCGCTCATCTTCGTGTGCTAGT- which may possibly lead to undesirable recombination 

CAG-3' (SEQ. ID NO.75) events, leading to the generation of wild-type virus. 



5,843,723 

101 102 

3. INDUCIBLE EXPRESSION OF STRUCTURAL PRO- Sindbis 3'-end sequence is followed by a catalytic ribozyme 

TEINS VIA ALPHAV1RUS VECTOR sequence to allow more precise processing of the primary 

Because of potential cytotoxic effects from structural transcript adjacent to the 3' -end sequences of Sindbis. In 

protein expression, the establishment of inducible packaging addition, a wide variety of variations of these packaging 

cell lines which express even modest basal levels of these 5 cassette constructions can be made given the disclosure 

proteins may not always be preferred. Therefore, packaging provided herein, including for example, the substitution of 

cell line expression cassettes are constructed which contain omer RNA polymerase promoters for the current MuLV 

regulatory elements for the high level induction of structural LTR » the addition of 1 or more nucleotides between the RNA 

protein synthesis via nonstructural proteins supplied in trans polymerase promoter and the first Sindbis nucleotide, the 

by the alphavirus vector, but with no basal level of synthesis 10 substitution of other ribozyme processing sequences, or the 

until appropriately stimulated. substitution of a non-Sindbis-encoded open reading frame 

In this configuration, a structural protein gene cassette is upstream of the structural protein gene sequences, which 

constructed, whereby transcription of the structural protein mav or mav not retain the 5'-end Sindbis sequences required 

genes occurs from an adjacent alphavirus junction region f° r transcriptase recognition. Furthermore, these constructs 

sequence. Hie primary features of this cassette are: an RNA 15 can be transfected into other cell lines, as discussed previ- 

polymerase II promoter positioned immediately adjacent to ously 

alphavirus nucleotide 1, such that transcription initiation In another vector-inducible packaging configuration, 

begins with authentic alphavirus nucleotide 1, the 5'-end expression cassettes contain a cDNAcopy of the alphavirus 

alphavirus sequences required for transcriptase recognition, structural protein gene sequences flanked by their natural 

the alphavirus junction region sequence for expression of the 20 junction and ^-untranslated regions, and are inserted into an 

structural protein gene mRNA, the alphavirus structural expression vector in an orientation, such that primary tran- 

p rote in gene sequences, the 3'-end alphavirus sequences scription from the promoter produces antisense structural 

required for replication, and a transcription termination/ protein gene RNA molecules. Additionally, these constructs 

polyadenylation sequence. Because of an upstream open- contain, adjacent to the junction region, alphavirus 5'-end 

reading frame which ends in translation termination codons 25 sequences necessary for recognition by the viral 

prior to the AUG start site of the structural protein genes, transcriptase, and a catalytic ribozyme sequence positioned 

expression of the alphavirus structural proteins can occur immediately adjacent to alphavirus nucleotide 1 of the 

only after the synthesis of minus-strand RNA by vector- 5'-end sequence. As such, this ribozyme cleaves the primary 

supplied nonstructural proteins, followed by the subsequent RNA transcript precisely after the first alphavirus nucle- 

transcription of a structural protein gene mRNA from the 30 otide. In this antisense orientation, the structural protein 

junction region. Therefore, the inducibility of this system is genes cannot be translated, and are dependent entirely on the 

dependent entirely on the presence of nonstructural proteins, presence of alphavirus virus nonstructural proteins for tran- 

supplied by the alphavirus vector itself introduced as either scription into positive-strand mRNA, prior to their expres- 

RNA transcribed in vitro, or cDNA positioned downstream sion - nonstructural proteins again are provided by the 

of an appropriate promoter element. In addition, the 5'- and 35 alphavirus vector itself. In addition, because this configura- 

3'-end alphavirus sequences allow for this RNA transcript of tion contains the precise alphavirus genome 5*- and 3*-end 

the structural protein gene cassette to be amplified by the sequences, the structural protein gene transcripts undergo 

same vector-supplied nonstructural proteins (see FIG. 11). amplification by utilizing the same nonstructural proteins 

Specifically, the construction of a positive-sense, vector- provided by the alphavirus vector, 

inducible Sindbis packaging cassette is accomplished as 40 Specifically, the Sindbis structural protein gene cDNAis 

follows. Briefly, the p VGELVIS vector described previously removed from the genomic clone pVGSP6GEN and inserted 

is digested with the enzyme Bsp EI to remove nucleotides wto the pcDNA3 (Invitrogen Corp., San Diego, Calif.) 

422 to 7054, including most of the nonstructural gene coding expression vector as follows. First, plasmid p VGSP6GEN is 

sequences, and the remaining 9925 bp fragment is purified digested with the enzymes Apa I and Bam HI to remove all 

in a 0.8% agarose gel, and subsequently re-ligated to itself 45 Sindbis sequences through nucleotide 7335, including the 

to generate the construct known as pLTR/SindlBspE (FIG. g enes encoding nonstructural proteins 1, 2, 3, and most of 4. 

11). This deletion leaves the 5'-end authentic translation start The remaining 7285 bp vector fragment, which contains the 

codon at nts 60-62 intact, and creates in-frame downstream Sindbis structural protein genes, is purified in a 0.8% 

UAA and UGA stop codons at nts 7130-7132 and agarose gel, and subsequently ligated with a polylinker 

7190-7192 (original numbering), respectively, thus prevent- 50 sequence, called SinMCS, that is obtained by annealing two 

ing translation of the downstream structural protein gene synthetic oligonucleotides. The oligonucleotides, SinMCSI 

open-reading frame. The pLTR/SindlBspE packaging cas- and SinMCSII, contain the recognition sites for Cla I, Bgl II, 

sette construct is subsequently transfected into BHK cells aQ d Spe I, and have Apa I and Bam HI ends after annealing. 

(XTCC #CCL 10) and transfectants are selected using the Their sequences are as follows: 

G418 drug at 400 ug/ml and cloned by limiting dilution. 55 SinMCSI 

After expansion of the transfected clonal lines, screening for 5'-CTCArCGArCAGATCTGACTAGTTG-3 f (SEQ. ID 

packaging activity is performed by transfection of Sindbis- NO. 77) 

lucif erase (Sin-luc) vector RNA as described previously. The SinMCSII 

data shown in FIG. 12 demonstrate that transfection of S'-GATCCAACTAGTCAGATCTGArCGArGAGGGCC-S' 

Sin-luc vector RNA into several of these clonal LTR/ 60 (SEQ. ID N0.78) 

SindlBspE packaging cells results in the production of The resulting construct, known as pMCS-26s, is then 

infectious Sindbis particles containing the Sin-luc RNA, as modified to contain the 5'-end 299 nucleotides of Sindbis, 

the recovered supernatants are shown to transfer Sin-hie fused to an 84 nucleotide ribozyme sequence from the 

vector RNA to fresh monolayers of BHK cells. antigenomic strand of hepatitis delta virus (HDV) (Nature 

A similar packaging construct can also be made using the 65 350:434), using overlapping PCR amplification. Two primer 

pVG-ELVISd clone (described previously) as initial mate- pairs are used initially in separate reactions, followed by 

rial for creation of the Bsp EI deletion. In this clone, the their overlapping synthesis in a second round of PCR. In 
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reaction #1, the forward primer (HDV49-XC) is comple- into cells and selection for G418 resistance is performed as 

mentary to HDV genome nucleotides 823-S59, and the previously described. 

reverse primer (HDV17-68) is complementary to HDV Modifications of the CMV promoter/antisense-Sindbis 
genome nucleotides 839-887, with sequences as follows: structural protein vector also can be constructed using other 
Forward primer (HDV49-XC) 5 viral, cellular, or insect-based promoters. Using common 
S'-ACTTATCG ATG GTTCTAGACTCCCTTAG CCAT- molecular biology techniques know in the art, the CMV 
CCGAGTGGACGTGCGTCCTCCTTC-3' (SEQ. ID promoter can be switched out of the Invitrogen pcDNA3 
NO. 79) vector and replaced by promoters such as those listed 
Reverse primer (HDV17-68) previously. Other variation of this antisense packaging cas- 
S'-TCCACCTCCTCGCGGTCCGACCTGGGCATCC- 10 sette may include, but are not limited to: the addition of 1 or 
GAAGGAGGACGCACGTCCACr-3* (SEQ. ID NO. more nucleotides between the first Sindbis nucleotide and 
80) the catalytic ribozyme, the use of longer or shorter HDV or 
In addition to their respective complementarities, primer other catalytic ribozyme sequences for transcript processing, 
HDV49-XC contains flanking Xba I and Cla I recognition the substitution of a precise transcription termination signal 
sequences at the 5'-end. PCR amplification of HDV 15 for the catalytic ribozyme sequence, or the antisense exp res- 
sequences is accomplished by a standard three-temperature sion of structural protein gene cassettes using any down- 
cycling protocol with these primers and Vent polymerase. In stream sequence recognized by an RNA polymerase which 
reaction #2, the forward primer (SIN-HDV), which joins results in transcription of a structural protein gene mRNA. 
precisely the HDV and Sindbis sequences, is complemen- Further, it should be noted that each of the vector- 
tary to nucleotides 1-21 of Sindbis, and genomic nucle- 20 inducible constructs described contains sequences homolo- 
otides 871-903 of HDV, and overlaps the sequence of gous to the Sindbis vector itself. Therefore, the potential 
primer HDV17-68 (from above) by 20 nucleotides, and the exists for the generation of wild-type virus by recombination 
reverse primer (SIN276-SPE) is complementary to Sindbis between the two RNA molecules. Additional modifications 
nucleotides 299-276, with sequences as follows: may be made to eliminate this possibility as described 
Forward primer (SIN-HDV) 25 below. 

5'-TCGGACCGCGAGGAGGTGGAGATGCCATGC- 4. SEPARATION OF STRUCTURAL PROTEIN GENES 

CG ACCCATTG ACG GCGTAGTAC ACACT-3'(SEQ . TO PREVENT RECOMBINATION 
ID NO. 81) Packaging cell lines may also be generated which segre- 

Reverse primer (SIN276-SPE) gate the integration and expression of the structural protein 

5 -CTGG ACTAGTTAATACTG GTGCTCG GAAAAC- 30 genes, allowing for their transcription as non-overlapping, 

ArTCT-3' (SEQ. ID NO. 82) independent RNA molecules. For example, the expression of 

In addition to their respective complementarities, primer capsid protein independently of glycoproteins E2 and El, or 

SIN276-SPE contains a flanking UAA translation terrnina- each of the three proteins independent of each other, elimi- 

tion codon and Spel recognition sequence at its 5' end. PCR nates me possibility of recombination with vector RNA and 

amplification of the fragment containing Sindbis 5'-end 35 subsequent generation of contaminating wild-type virus, 
sequences fused to HDV ribozyme sequences is accom- Specifically, capsid protein is expressed independently 

plished by a standard three-temperature cycling protocol, fr° m an inducible expression vector, such that sequences 

using Vent polymerase, these primers, and pVGSP6GEN which might result in recombination with vector RNA are 

plasmid as template. After the first round of PCR eliminated. As an example, the capsid protein gene is 

amplification, Vfeoth of the total amounts from each of 40 amplified from plasmid pVGSP6GEN with a primer pair 

reaction #1 and reaction #2 is combined and used as tem- complementary to nucleotides 7632-7655 (forward primer) 

plate in a second round of PCR amplification with additional and 8415-8439 (reverse primer), with sequences as follows: 

input of primers HDV49-XC and SIN276-SPE and a stan- Forward primer (Sin7632F) 

dard three-temperature cycling protocol. Following the sec- 5 '-GTCAAG CTTG CIAGCTACAAC ACC ACC ACC A- 
ond round of PCR, the 414 bp amplicon is purified with the 45 TGAAIAGAG-3 1 (SEQ. ID NO. 83) 

MERMAID KIT (BiolOl, La Jolla, Calif.), and digested Reverse primer (Sin8439R) 

with the enzymes Clal and Spel. The digested amplicon is 5 -CAGTCTCGAGTFACTACCACTCTTCTGTCCCT- 
purified in a 1% agarose gel, and subsequently ligated into TCCGGGGT-3' (SEQ. ID NO. 84) 

plasmid pMCS-26s, which also is digested with Clal and In addition to their respective complementarities, the for- 

Spel and purified in a 1% agarose gel. The resulting 50 ward primer contains Nhe I and HindUI recognition 

construct, containing the expression cassette elements HDV sequences at its 5 '-end, and the reverse primer contains both 

antigenomic ribozyme/Sindbis 5'-end 299 nts/Sindbis junc- UAG and UAA translation stop codons and a Xho I recog- 

tion region/Sindbis structural protein genes/Sindbis 3'-end nition sequence at its 5*-end. Amplification is accomplished 

untranslated region, is known as pd5 r 26s. using a standard three-temperature cycling protocol, and the 

Insertion of the structural protein gene cassette from 55 resulting amplicon is digested with the enzymes Nhe I and 

pd5*26s into the pcDNA3 vector is performed as follows. Xho I, and purified in a 1% agarose gel. Expression plasmid 

Plasmid pd5'26s is digested with the enzyme Xba I and the pMAM (Clontech), which contains a dexamethasone- 

3'-recessed ends are made blunt by the addition of Klenow inducible MMTV LTR promoter sequence, is digested with 

enzyme and dNTPs. The entire 4798 bp structural protein the enzymes Nhe I and Xho I and the plasmid DNA purified 

gene cassette is purified in a 1% agarose gel. Plasmid 60 in a 1% agarose gel. The capsid protein gene fragment is 

pcDNA3 is digested with the enzymes Hindlll and Apa I and ligated into the pMAM vector, and the resulting construct is 

the ends are made blunt by the addition of T4 DNA known as pMAM/C. Plasmid pMAM/C is transfected into 

polymerase enzyme and dNTPs, and the 5342 bp vector is the appropriate cell line (for example BHK-21) as described 

purified in a 1% agarose gel. The two purified, blunt-end previously and selection for stable transfectants is accom- 

DNA fragments are subsequently ligated, and the resulting 65 plished by using HAT (hypoxanthine, aminopterin, 

structural protein gene expression cassette vector is known thymidine) media, supplemented with dialyzed fetal calf 

as pCMV-d5*26s (see FIG. U). Transfection of this DNA serum, mycophenolic acid and xanthine, as described by 
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Mulligan and Berg (PNAS 78:2072-2076, 1981). HAT- are then ligated to the ELVIS vector to generate a construct 
selected cell lines expressing capsid protein are identified designated pVGELVlS-El/E2. Plasmid pVGELVIS-El/E2 
following induction with 10" 6 M dexamethasone by lysing subsequently is digested with the enzyme Bsp EI, removing 
the cells with Lamraeli sample buffer, separating the pro- most of the nonstructural protein gene coding region, and the 
teins using 12% SDS-PAGE, blotting onto nitrocellulose 5 remaining El- and E2-containing vector DNA is re-ligated 
membrane, and detecting by western blot using polyclonal to creating an inducible expression cassette identified 
rabbit anti-Sindbis antibody. FIG. 21 shows expression of as pVGELVdl-E17E2. This glycoprotein expression vector 
capsid protein in such cells, along with wild-type BHK-21 is used to transfect cells that have been previously trans- 
cells as a negative control, and Sindbis virus- infected fected with a capsid protein expression construct, and stable 
BHK-21 cells as a positive control. 10 glycoprotein gene transfectants are identified by selection 
Alternatively, capsid protein is expressed using the lac- f or G41 g resistance. For both the capsid and envelope 
inducible vectors (Stratagene) described previously. The glycoprotein expression cassettes, additional mammalian or 
Sindbis capsid protein gene is amplified by PCR using non-mammalian (including insect)-derived promoters, 
primers Sin7632F and Sin8439R (described previously), and wmc h may or may not be inducible, are readily substituted 
ligated with TA vector DNA (Stratagene). The resulting 15 for those described above, using standard techniques known 
plasmid, designated TA/SinC, is digested with Eco RI, the m the art. 

termini are made blunt by the addition of Klenow fragment 5. ASSEMBLING THE COMPONENTS TO CREATE THE 

enzyme and dNTPs, and the capsid protein gene purified ALPHAVIRUS PACKAGING CELL LINE 

from a 1% agarose gel. Plasmid vectors pOP13 and For example purposes, the BHK-21 cell line and replicon- 

pORSVl are digested with Not I, their termini made blunt 20 inducible packaging expression cassette are used to demon- 

by the addition of Klenow fragment enzyme and dNTPs, and strate assembly of the components. However, other possible 

subsequently treated with calf intestinal alkaline phos- parent ^11 lines can be used to create alphavirus packaging 

phatase. The capsid protein gene is ligated with both pOP13 ceil hn es and have been discussed previously. Briefly, BHK- 

and pORSVl vector DNA to generate the expression con- 21 cells (CCL 10) are grown at 37° C. in 5% C0 2 in 

structs designated pOP13CAP and pORSVlCAP, respec- 25 Ehilbecco's modified Eagle's Media (DMEM), 2 mM 

tively. Each plasmid is co-transfected with p3'SS into the L-ghitamine, and 10% fetal bovine serum (optimal media), 

appropriate cell line as described previously, and selection Approximately 5x10 s BHK-21 cells, grown in a 35 mM 

for stable transfectants is accomplished using G418 and pe tri dish, are transfected with 5 ug pLTR/SindlBspE using 

hygromycin selection. Cell lines expressing capsid protein 5 ul of the Transfectam (Promega) cationic lipid reagent, in 

are identified following IPTG induction by immunofluores- 30 serum-free media conditions, as suggested by the supplier, 

cence using polyclonal rabbit anti -Sindbis antibody. However any method of transfection is rapidly substituted, 

The glycoprotein genes, El and E2, are expressed ix., by electroporation, calcium phosphate precipitation, or 

together using one of the inducible systems previously by using any of the readily available cationic liposome 

described. For example, the Sindbis El and E2 genes are formulations and procedures commonly known in the art. At 

amplified from plasmid pVGSP6GEN using a primer pair 35 24 hours post-transfection, the cells are trypsinized and 

complementary to Sindbis nucleotides 8440-8459 (forward reseeded in 100 mm dishes in 10 ml of optimal media, as 

primer) and Sindbis nts 11,384-11,364 (reverse primer). described above, supplemented with 400 ug/ml of G418 

PCR amplification is performed using a standard three- (Gibco/BRL) and selected over a period of 5 to 7 days, 

temperature cycling protocol and the following ohgonucle- Colonies displaying resistance to the G418 drug are then 

otide pair: 40 pooled, dilution cloned, and propagated. Individual clones 

Reverse primer (11384R) are screened for high levels of Sindbis structural protein 

5'-TATATGCGGCCGCTCATCTTCGTGTGCTAGT- expression and functional packaging after transfection with 

CAG-3 r (SEQ. ID NO. 75) Sindbis-hiciferase vector RNA transcribed in vitro from Sad 

Forward primer (8440F) linearized plasmid pKSSINBV-luc (see Example 3). 

5-TArArGCGGCCGCACCACCATGTCCGCAGCAC- 45 Specifically, clonallyKlerived pLTR/SindlBspE transfected 

CACTGGTCACG-3* (SEQ. ID NO. 85) BHK-21 cells (referred to as LTR/SindlBspE or BK-Bsp 

In addition to their respective complementarities, the for- cells) grown in 60 mm petri dishes are transfected with 2 ug 

ward primer contains an "in-frame" AUG translation initia- of Sindbis-hiciferase vector RNA and overlayed with 3 ml of 

lion codon, and both primers contain a NotI recognition optimal media (see above). At 20 hours post-transfection, 

sequence at their 5 -ends. Following PCR amplification, the 50 the supernatants are removed, and clarified by centrifugation 

amplicon is digested with the NotI enzyme and purified in a for 30 min. at 3000 rpm in a Sorvall RT6000B tabletop 

1% agarose gel. The resulting fragment is then ligated centrifuge. In addition, the transfected cell monolayer is 

separately into the pOP13 and pOPRSVl vectors lysed in reporter lysis buffer (Promega) as described by the 

(Stratagene), digested with Not I and treated with calf manufacturer, and assayed for luciferase expression as 

intestinal alkaline phosphatase, as described previously. 55 described previously. 

These glycoprotein expression vectors are used to transfect The transfer of luciferase activity (and thus functional 
cells that have been previously transfected with a capsid packaging) is tested by using 1 ml of the above supernatants 
protein expression construct, and stable glycoprotein gene to infect fresh monolayers of BHK-21 cells in 60 mm dishes, 
transfectants are identified by selection for G418 and hygro- At 20 hours post-infection, the cell monolayers are lysed as 
mycin resistance. 60 described above and, tested for luciferase expression. As 
Alternatively, the El and E2 glycoproteins are expressed shown in FIG. 12, three clones (#13, 18, and 40) produce 
under the control of the replicon-inducible junction region packaged Sindbis-luciferase vector and are the first 
promoter, described previously. The ELVIS expression pi as- examples of alphavirus packaging cell hues. In addition, 
mid pVGELVISOSINBV-linker (Example 3) is digested transfected clone #18 cells are tested for increased vector 
with the enzyme Not I, and treated with calf intestinal 65 packaging over a timecourse following transfection. Super- 
alkaline phosphatase. PCR amplified Sindbis El and E2 natants from transfected clone #18 cells are harvested at 20, 
glycoprotein genes digested with Not I (previous paragraph) 45, and 70 hours post-transfection, as described above, and 
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used to infect fresh monolayers of BHK-21 cells. FIG. 13 EC cells, the viral DNA integrates into the genome, 

shows that Sindbis-luciferase vector packaging increases However, as stated above, expression of viral genes or of 

significantly at 45 hours post-transfection, as compared to heterologous genes is blocked. This block of viral expres- 

20 hours post-transfection. Expression also can be tested by sion is released upon terminal differentiation of EC cells by 

western blot analysis using polyclonal rabbit anti-Sindbis 5 addition of retinoic acid to the growth medium, 

antibodies (available in the literature). To ^ RNA expression properties of the pVGELVIS 

C. INDUCIBLE VECTOR AND STRUCTURAL PRO- construct in EC cells, plasmid DNA is complexed with 

TEIN EXPRESSION FOR ALPHAVIRUS PRODUCER LIPOFECTAMINE (GIBCO-BRL, Gaithersburg, Md.) 

CELL LINES according to the conditions suggested by the supplier (ca. 5 

1. USE OF VIRAL PROMOTERS 10 8 ™A/8 ™&fj£ A 
— . c jt i i i_ * * containing undifferentiated PCC4 or F9 cells (Fujimura et 
THe challenge of developing an alphavirus vectorpro- ^ Crf/ 23:809-814) at approximately 75% conflu- 
ducer cell line hes in the question of whether a virus, whose ^ ^ t of c ^ opalhic effects (C p E ), and the 
mfecUon of mammalian cells results almost exclusively in leve , of sindbis productive infection, quantitated by plaque 
productive lytic cell death, can be modified to establish ^ y of media supernatant, is determined at regular inter- 
persistent infection in these same cells. One approach is to 15 V als over 5 days in undifferentiated and differentiated trans- 
generate alphavirus vector producer lines from mosquito f ectec j PCC4 or F9 cells. Differentiation of F9 and PCC4 
cells, where viral persistence often results after infection. cells is accomplished by addition of retinoic acid (Sigma 
However, the titer of infectious virus produced in persis- Chemical Co., St. Louis, Mo.), at a final concentration of 
tently infected mosquito cells is only about lxlO^FU/ml, at 1M. 

least five orders of magnitude less than that observed after 20 It has been proposed that the hierarchy of relative expres- 

lytic infection of BHK cells by Sindbis. sion of heterologous genes observed in undifferentiated EC 

Several strategies are described for inducible alphavirus cells infected with M-MuLV vectors may be in part inser- 

vector producer cell lines, containing both vector and viral tional dependent (Linney et al., 1987, J. Virol. 

structural gene cassettes, such that productive cytolytic 61:3248-3253). Thus, undifferentiated EC cells transfected 

infection occurs only after the correct stimulus. Because 25 with pVGELVIS may likely produce different results, in 

these approaches operate on a "feed forward" level, any terms of transcription of the Sindbis genomic cDNA and, in 

leakiness in the system will result in initiation of the turn, initiation of the viral life cycle. In this event, following 

alphavirus replication cycle and probable cell death. G418 selection of pVGELVIS transfected undifferentiated 

Therefore, tightly regulated control mechanisms are neces- EC cells, remaining cells are cloned and expanded. The cell 

sary for such a system. 30 clones are then tested for the production of Sindbis virus 

The hallmark of development is the differentiation state- after differentiation by addition of retinoic acid (Sigma 

dependent pattern of gene expression. Briefly, gene expres- Chemical Co., St. Louis, Mo.), at a final concentration of 

sion patterns differ widely between undifferentiated and 1M. 

terminally differentiated states. Thus, a cell whose differen- To isolate vector packaging cell lines, whose production 
tiation state can be controlled is likely an ideal host in which 35 of structural proteins in the presence of Sindbis NSP is cell 
to derive an alphavirus vector producer cell line. In such a differentiation state dependent, undifferentiated F9 or PCC4 
configuration, the vector expression cassette and, in some cells are transfected with pLTR/SINdlBspE and G418 
instances, structural components are coupled to terminal selected as described above. Differentiation state-sensitive 
differentiation state -inducible promoters, according to the clones are then selected by infection at high multiplicity 
strategy described for ELVIS, and used to transform stably 40 with packaged SIN-luc vector. Clones which are resistant to 
an undifferentiated host cell. Terminal differentiation of the cell lysis or do not produce packaged SIN-luc vector 
host producer cell after induction with the appropriate particles, are candidate vector packaging clones. These 
stimuli co incidentally results in induction of the alphavirus candidate clones are tested for SIN-luc vector particle pro- 
replication cycle and production of packaged vector. Other duction following terminal differentiation with retinoic acid, 
strategies described herein, including antisense structural 45 as described. 

genes and heterologous viral expression systems, are readily The murine wild type polyomavirus (Py) is unable to 

coupled with cellular differentiation state-dependent pro- replicate in the teratocarcinoma cell lines PCC4 or F9. This 

moters described below. block of replication in undifferentiated cells occurs at the 

In this approach, four examples are described, using either level of transcription of early region (i.e., T antigen) genes, 

a viral or cellular promoter which are active in only termi- 50 and is released by induction of terminal differentiation with 

nally differentiated cells. vitamin A. Py mutants which are able to establish productive 

It has been shown that mouse Polyomavirus (Py), SV40, infection in undifferentiated PCC4 and F9 cells map to the 

and Moloney murine leukemia virus (M-MuLV), all are able viral enhancer region. The genesis of an embryonic tissue 

to infect and enter undifferentiated mouse embryonal carci- specific transcriptional enhancer element has resulted in 

noma (EC) cells, but the expression of their genes (and 55 these mutants. In order to exploit this property of inhibition 

heterologous genes) and establishment of productive infec- of Py replication in undifferentiated teratocarcinoma cell 

lion is blocked (Swartzeodruber and Lehman, J. Cell. lines, the viral regulatory non-coding region, including the 

Physiol 85:179—188, 1975; Peries et al., J. Natl Cancer enhancer, is coupled to the genomic cDNA of Sindbis virus, 

Inst. 59:463-465, 1977). These viral growth properties also according to the ELVIS strategy. The precise transcriptional 

have been demonstrated in two cell lines, PCC4 and F9, 60 start site of the Py early region has been determined (see 

which are derived from the malignant stem cells of mouse Tooze, DNA Tumor Viruses). The PCC4 and F9 cell lines are 

teratorcarcinomas. The block to viral propagation occurs at stably transformed with the Py-Sindbis vectors. In this 

the level of transcription and replication, and maps to the model Sindbis productive infection occurs after addition of 

enhancers, contained within the viral non-coding control retinoic acid to the culture medium and induction of terminal 

regions (Linney et al., Nature 308:470-472, 1984; Fujimura 65 differentiation. 

et al., Cell 23:809-«14, 1981; Katinka and Yaniv, Cell The Py non-coding region from bases 5021-152, which 

20:393-399, 1980). When M-MuLV infects undifferentiated includes the sequences corresponding to the viral enhancers, 
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21 bp repeats, replication origin, CAAT and TATA boxes, 
and the early mRNA transcription 5' cap site, is positioned 
at the 5' viral end such that n vivo, only a single capped C 
residue is added to the Sindbis 5' end. Juxtaposition of the 
Py non-coding region and the Sindbis 5' end is accomplished 
by overlapping PGR as described in the following detail. 
Amplification of the Py non-coding region in the first 
primary PCR reaction is accomplished in a reaction con- 
taining the pBR322/Py, strain A2 plasmid (ATCC number 
45017-p53.A6.6(pPy-l)) and the following primer pair: 
Forward primer PybgI5021F (buffer sequence/Bgl D rec- 
ognition sequence/Py nts 5021-5043) 

5 f -TArATAGATCTCTTGArCAGCCTTCAGAAGAT- 
GGC (SEQ. ID NO. 86) 
Reverse primer SLNPyl52R (SIN nts 5-1/Py nts 152-134) 

S'-TCAATGGCGGGAAGAGGCGGTTGG (SEQ. ID 
NO. 87) 

PCR amplification of the Py non-coding region with the 
primer pair shown above is performed using the Thermalase 
thermostable DNA polymerase (Ameresco Inc., Solon, 
Ohio) and the buffer containing 15 mM MgClj, provided by 
the supplier. Additionally, the reaction contains 5% DMSO, 
and the Hot Start Wax beads (Perkin-Elmer), using the 
following PCR amplification protocol shown below: 



Temperature (°C) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


0.5 




72 


10 


1 



Amplification of the Sindbis 5' end in the second primary 
PCR reaction is accomplished in reaction containing the 
pVGSP6GEN clone and the following primer pair 
Forward primer (Py nts 138-152/SIN nts 1-16) 

5*-CCGCCTCTTCCCGCCATTGACGGCGTAGTAC 
(SEQ. ID NO. 88) 
Reverse primer: (SIN nts 3182-3160) 

S'-CTGGCAACCGGTAAGTACGATAC (SEQ. ID NO. 
18) 

PCR amplification of Sindbis 5' end region with the 
primer pair shown above in with the reaction conditions 
described above, using the following PCR amplification 
protocol shown below: 



Temperature (°C) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


0.5 




55 


0.5 


35 


72 


3.0 




72 


10 


1 



The 442 bp and 3202 bp products from the primary PCR 
reactions are purified with GENECLEAN (BIO 101), and 
used together in a PCR reaction with the following primer 
pain 

Forward primer Pybgl5021F (buffer sequence/Bgl 11 rec- 
ognition sequence/Py nts 5021-5043): 

S'-TArArAGATCTCITGArCAGCTTCAGAAGArGGC 
(SEQ. ID NO. 89) 
Reverse primer: (SIN nts 2300-2278): 

5-GGTAACAAGArcrCGTGCCGTG (SEQ. ID NO. 
19) 
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PCR amplification of the of the primer PCR amplicon 
products with the primer pair shown above is with the 
reaction conditions described above, using the following 
PCR amplification protocol shown below: 

5 



10 



Temperature (°C) 


Time (Min.) 


No. Cycles 


94 


2 


1 


94 


05 




55 


05 


35 


72 


3.0 




72 


10 


1 



The 20 3* terminal bases of the first primary PCR ampli- 

15 con product overlaps with the 20 5* terminal bases of the 
second primary PCR amplicon product; the resultant 2,742 
bp overlapping secondary PCR amplicon product is purified 
by 0.8% agarose/TBE electrophoresis, digested with Bgl II, 
and the 2,734 bp product is ligated into pcDNASINbgl/xba 
(see Example 3) treated with Bgl II and CIAP. The resulting 

20 construction is 16,641 bps and is known as ELVIS-PySIN. 
In order to construct a structural protien expression vector 
similar to pLTR/SindlBspE for the derivation of vector 
packaging cell lines, the ELVIS-PySIN construction is 
digested to completion with Bsp El, and religated under 

25 dilute conditions, in order to accomplish deletion of the 
nonstructural proteins between bases 422-7054. This con- 
struction is known as ELVIS-PySINdlBspE. 

ELVIS-PySIN plasmid DNA is complexed with LJPO- 
FECTAMINE (GIBCO-BRL, Gaithersburg, Md) according 

30 to the conditions suggested by the supplier (ca. 5 g DNA/8 
g lipid reagent) and added to 35 mm wells containing 
undifferentiated PCC4 or F9 cells at approximately 75% 
confluency. The development of cytopathic effects (CPE), 
and the level of Sindbis productive infection, quantitated by 

35 plaque assay of media supernatant, is determined at regular 
intervals of 5 days in undifferentiated and differentiated 
PCC4 or F9 cells. Differentiation of F9 and PCC4 cells is 
accomplished by addition of retinoic acid (Sigma Chemical 
Co., SL Louis, Mo.), at a final concentration of 1 mM. 

40 If the undifferentiated EC cells demonstrate a heterolo- 
gous response to transfection with ELVIS-PySIN, remaining 
cells not lysed by Sindbis virus propagation following G418 
selection of pVGELVIS transfected undifferentiated EC 
cells are cloned and expanded. The cell clones are then 

45 tested for the production of Sindbis virus after 
differentiation, by addition of retinoic acid (Sigma Chemical 
Co., St. Louis, Mo.), at a final concentration of 1 mM. 

Isolation of vector packaging cell lines stably transfected 
with ELVIS-PySINdlBspE, having a cell differentiation 

50 state dependent pattern of expression of structural proteins 
in the presence of Sindbis NSP, is accomplished as described 
above for the pLTR/SindlBspE plasmid. 

In order to demonstrate the feasibility of an inducible 
Sindbis vector producer cell line, the reporter gene expres- 

55 sion from the ELVIS-hic vector, whose construction is 
described in Example 3, section E, after transfection of BHK 
and undifferentiated F9 cells is determined. In addition, both 
cell types are infected with packaged SIN-luc vector, whose 
production is described in Example 3 section C. This later 

60 experimental group serves as a control that expression 
restriction (if any) lies at the level of transcription rather than 
a receptor difference on unique cell types. The results of this 
study, shown in FIG. 14, demonstrate that the expression of 
hiciferase is inhibited in undifferentiated F9 cells. The level 

65 of hiciferase expression in BHK cells transfected with 
ELVIS-hic and BHK and undifferentiated F9 cells infected 
with packaged SIN-hic vector is similar. Thus, in ELVIS-luc 
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transfected undifferentiated F9 cells, transcription from the plete remission after all-trans retinoic acid treatment 
LTR and subsequent luciferase expression via the Sindbis (ATRA). High concentration of ATRA may overcome the 
vector autocatalytic pathway is inhibited. This study dem- KARA deficiency leading to high levels of RA in the 
onstrates that packaging cell lines can be developed where nucleus. Differentiation of the APL cells can then be 
synthesis of Sindbis vector or Sindbis vector packaging is 5 achieved through activation of RARA responsive genes. RA 
inducible and controlled by the differentiation state of the can induce differentiation of a number of cell lines, includ- 
ed!, ing the human leukemia line HL-60. 
2. USE OF CELLULAR PROMOTERS. The retinoic acid receptor is a member of a nuclear 

The third example of this strategy uses the p-globin locus receptor superfamily that includes the thyroid and steroid 

control region. The p-globin multigene cluster contains five 10 hormone receptors. Four different forms of the human RAR 

developmentally regulated genes. In the early stages of have been identified, and the corresponding cDNAs cloned 

human development, the embryonic yolk sac is the hemato- and characterized. In order to accomplish the differentiation 

poietic tissue and expresses the €-globin gene. This is state dependent expression of Sindbis vectors, viral genomic 

followed by a switch to the y-globin gene in the fetal liver cDNA is juxtaposed with the RARA DNA binding site, 

and the 6- and p-globin genes in adult bone marrow (Collins 15 creating ELVIS-RARASIN. As with the strategy proposed 

and Weissman, 1984, Prog. Nucleic Add Res. MoL Biol for ELVIS-PySIN expression in undifferentiated EC cells, 

31:315). differentiation sensitive ELVIS-RARASIN expressing cells 

At least two mouse erythroleukemia lines, MEL and are isolated. 

Friend, serve as models for terminal differentiation depen- 3. INSERTION OF VECTOR CONSTRUCTS INTO DIF- 

dent expression of P-globin. Expression of p-globin is 20 FERENTIATION STATE CONTROLLED INDUCIBLE 

observed in these lines only after induction of terminal PROMOTERS 

differentiation by addition of 2% DMSO to the growth Generation of clones whose expression of heterologous 

medium. genes from Sindbis vectors positioned in the ELVIS con- 

The entire p-globin locus is regulated by the locus control figuration as described in Example 3 is differentiation state 

region (LCR). Within the LCR is the dominant control 25 dependent, is accomplished as described above for the 

region (DCR) residing within the DNase I hypersensitive pVGELVIS, pLTR/SindlBspE plasmids. Generation of 

region, which is 5* of the coding region The DCR contains clones whose production of vector particles is differentiation 

five DNase I hypersensitive (HS1- HS5) sites. The DCR state dependent, is accomplished by transfecting the isolated 

directs high level site of integration independent, copy differentiation dependent vector packaging clones described 

number dependent expression on a linked human p-globin 30 above with ELVIS heterologous gene expression vectors, 

gene in transgenic mice and stably transfected mouse eryth- Clones having the desired phenotype or vector production 

roleukemia (MEL) cells (Grosveld et al., 1993, CSHSQB after retinoic acid induced differentiation are isolated as 

58:7-12). In a recent study (Ellis et al., 1993, EMBO described above. 

12:127-134), concatamers of a synthetic core coinciding to D. STRUCTURAL PROTEIN EXPRESSION FROM A 

sequences within HS2 were shown to function as a locus 35 HETEROLOGOUS ASTROVIRUS JUNCTION REGION 

control region. Among the critical properties of a vector packaging 

In order to accomplish the differentiation state dependent system are a cell line which expresses the structural corn- 
expression of alphavirus vectors, the viral genomic cDNA is ponents necessary to generate an infectious particle, without 
juxtaposed with a promoter containing a tandem synthetic the creation of wild-type virus through recombination 
core corresponding to the LCR HS2 site. Alternatively, the 40 between vector and structural gene components. These two 
desired alphavirus vector construct can be inserted down- desired properties of the packaging cell line are accom- 
stream of the LCR in the endogenous-globin gene by plished in the retrovirus based systems through the consti- 
homologous recombination. In such a strategy, the p-globin tutive expression of the gag/pol and env genes on individual 
transcription initiation site after terminal differentiation heterologous RNA polymerase II expression cassettes, 
would be first determined, in order that the alphavirus vector 45 Another important aspect of vector packaging cell lines is 
could be placed precisely at the start site. to derive a system which mimics as closely as possible the 

Initiation of a lytic viral life cycle is controlled by the normal replication strategy of the wild type virus. This issue 

differentiation state of the host cell is applicable to other is important in terms of the observed titer level of packaged 

systems, where the control of viral induced cytopathology is recombinant vector. Synthesis of the viral structural proteins 

desired. 50 during alphavirus infection is accomplished after transcrip- 

Yet another approach to regulating alphavirus gene tion of high levels of subgenomic mRNA from the junction 

expression through a differentiation state sensitive promoter region promoter, followed by efficient translation into the 

is the use of the retinoic acid receptor a (RARA) and acute structural proteins. The junction region promoter is func- 

promyelomonocytic leukemia cells (APL). APL cells are tional only in the antisense orientation and synthesis of the 

clonal myeloid precursors characterized by high growth rate 55 antigenomic RNA occurs after translation of the nonstruc- 

and differentiation arresL Anon-random chromosomal trans- tural proteins, thus delaying the expression of the structural 

location breakpoint, t(15;17)(q22;21), occurs in almost all proteins. It follows that, with regard to alphavirus, it would 

patients with APL. The RARA gene has been localized to be desirable to construct a packaging cell line in which 

chromosome 17q21. Analysis of APL mRNA from patients synthesis of the structural proteins is initiated from the 

has shown that most APL breakpoints occur within the 60 junction region promoter, which in turn is activated by 

second intron of the RARA gene and result in abnormal nonstructural proteins expressed from the recombinant vec- 

fusion transcripts. Co-transfection assays with RARA and tor molecule. 

PML-RARA fusion cDNAs have demonstrated that the It is known that a relatively high frequency of recombi- 

resulting fusion proteins can antagonize wild-type RARA in nation occurs between RNA genomic molecules occurs 

the presence of retinoic acid. These studies implicate PML- 65 during infection with Sindbis virus via a copy choice mecha- 

RARA fusion protein in the molecular pathogenesis of APL. nism (/WAS 88:3253-3257, 1991). Recombination between 

Importantly, a significant number of patients achieve com- vector and junction region/structural gene cassettes would 
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result in the generation of wild-type Sindbis vims, perhaps promoters which have very low level of constitutive expres- 
atalevelofl wild-type virus per million of packaged vector sion. Construction of packaging cell lines of these 
particles (Liljestrom Bio Technology 9:1356-1361, 1991). configurations, in which the control of alphavirus proteins is 
One way to mitigate the generation of wild-type virus is to directed by a heterologous virus should result in the gen- 
separate the structural genes onto separate expression 5 eration of high titer wild-type virus free packaged vector 
cassettes, an approach which has been discussed previously particles, 
in Example 7. 

An additional approach to diminish the level of wild-type Example 8 
virus production in alphavirus vector packaging cell lines is 

to express the structural proteins under the control of Astro- 10 ALTERNATIVE VIRAL VECTOR PACKAGING 
virus genetic elements. A schematic for this configuration is TECHNIQUES 
depicted in FIG. 15. Similar to alphaviruses, the expression Various alternative systems can be used to produce 
of Astrovirus structural proteins incorporates a junction recombinant alphavirus particles carrying the vector con- 
region strategy, in which high levels of structural proteins stmct of these systems takes advantage of the fact that 
are synthesized from a subgenomic message. The Astrovirus 15 baculovims, and the mammalian viruses vaccinia and 
expression cassette may consist of one of the two following adenovirus, among others, have been adapted recently to 
ordered elements: (1) inducible promoter/Astrovirus 5* end/ m ake large amounts of any given protein for which the gene 
Astrovirus junction region/alphavirus structural gene/ has bccn cloned . (Smith et al., Mol Cell Biol 3:12, 1983; 
Astrovirus 3' end, or (2) antisense Astrovirus 3* end/ ct A. 9 Meth. Enzymology 153:545, 1987; and Man- 
antisense alphavirus structural gene/antisense Astrovirus 20 sour et al.,Proc. Natl. Acad. ScL USA 82:1359, 1985). These 
junction region/antisense Astrovirus 5* end/ Hepatitis Delta and other ^ vcctors are used to produce proteins in tissue 
virus ribozyme, or other configurations described in culture cells by insertion of appropriate genes into the viral 
Example 7. In both configurations, the expression unit is vector can be readily adapted to make alphavirus vector 
amplified by the Astrovirus nonstructural proteins through particles 

tt» same mechanism that ocaiis during vual replication. 25 Fof ex adenovirus vectors ^ derived from nuclear 

Since multiple rounds of subgenomic mRNA synthesis ... \ , u , . , f . 

...,,.,» . . c_ , replicating viruses and can be modified so they are defective, 

initiated from the junction region occur from each expres- « * ■ * _* j * * *u * ... , 

r , * a. *. u .u a * Heterologous genes are inserted into these vectors either by 

sion unit, amplification or the expression unit by the Astro- . 4 4 4 - /n n , , T a ifVJ r\ 

4 \, , 4 . u • *u , \* r in vitro construction (Ballay et a\.,EMBO J. 4:3861, 1985) 

virus nonstructural proteins results in the production of very , , . . . . ./ ™ . , . T ' / 

i . f. _ j or by recombination in cells (Thummel et al., J. Mol Appl. 

high levels of alphavirus structural proteins. The second 30 " ' . j j , ^^yy^ 

. f lL r t , . 4 _^ * . • . Genetics 1:435, 1982), and used to express proteins m 

configuration of the alphavirus structural protein expression .. « ^ r j , L j - * * 

Z , *t_ j i_ c i_ « *i_ fi_ c . mammahan cells. One preferred method is to construct 

cassette described above may function better than the first, . - , , . , . 4 rtJfT m 

, . . A . ' - . 4 . . . 4 plasmids using the adenovirus major late promoter (MLP) 

because the primary transcript or the toxic alphavirus struc- r. . . /1X , , . , 4 . . 

^ . . r . J ai*u u * c*u * *, i dnving: (1) alphavirus structural proteins; and (2) an 

tural gene is antisense. Although expression of the structural t • * t ^ t, , l * - • 

• A *_ c A c 4 . i i . . alphavirus vector construct. The alphavirus vector m this 

genes in the first configuration should not occur until syn- 35 F - 4 - . • j • • , 

5. • t *u . j it ju *u • r*u configuration still contains a modified junction region, and 

thesis of the negative strand followed by synthesis of the * „ , * i ^xt* . l Ir 

. . nv T A tl _ . . . 4l _ would allow the transcribed RNA vector to be self- 

positive subgenomic RNA from the junction region, the t . . . , ~ , - 

r . ° r . . . . . ^ * , replicating, as in previously described configurations, 

antisense nature of the primary transcript in the second r & J & 

configuration represents an additional level of control to P lasmids ^ c then uscd to make adenovirus 

prevent cytotoxic protein expression. 40 genomesin vitro (Ballay etal.,£AfflO. 7. 4:3861, 1985). The 

It is likely that no wild-type virus would be generated in recombinant adenoviral genomes, which are replication 

a packaging cell line in which the alphavirus virus structural defective, are separately transfected into 293 cells (ATCC 

proteins are synthesized individually from Astrovirus junc- #CRL 1573 > a human ^ haQ making adenovirus E1A 

tion region expression cassettes. Recombination between the protein), to yield pure stocks of defective adenovirus vectors 

nonstructural protein region of the vector and an Astrovirus 45 expressing either alphavirus structural proteins or alphavirus 

structural protein expression cassette would result in a vectors Since the litres of such vectors are typically 

molecule in which Astrovirus cis elements were coupled 10 ~ 10 ^ M * used to infect ^sa^ 

with alphavirus genes, a nonviable combination. Correct culture cells simultaneously at high multiplicity of infection, 

coupling of alphavirus cis and trans elements would require resulting in the production of alphavirus proteins and vector 

two precise recombination events between the vector and the 50 genomes at high levels. Since the adenovirus vectors are 

Astrovirus expression cassette, between the Astrovirus junc- defective, little or no direct cell lysis will occur and vectors 

tion region and structural gene ATG, and between the are harvested from the cell supernatants. Similar approaches 

structural gene termination codon and the Astrovirus 3* end. readil y carried out recombinant vaccinia virus 

In order to generate wild type virus, this dual recombination vectors constructed by inserting the alphavirus sequences 

event would have to occur three times on the same molecule 55 mt0 me P 1 ^^ PK (Bergmann et al., Eur. J. Immu- 

(six total events), to incorporate the three separated alphavi- noL ^'^TH y 1993) for in vivo recombination into the 

rus structural genes. vaccinia WR strain. 

In order to diminish any possible toxicity of the Astro vi- Other viral vectors, such as those derived from unrelated 

rus proteins, synthesis of the Astrovirus expression cassettes vectors (e.g., RSV, MMTV or HIV), also may be used in the 

may also be controlled by inducible promoters. One possi- 60 same manner to generate packaged vectors from primary 

bility is to use the lac operon, according to the "lac-switch" cells. In one embodiment, these adenoviral vectors are used 

system described previously in Example 7 (Stratagene). The in conjunction with primary cells, giving rise to recombinant 

constitutive level of expression of the lac operon controlled alphavirus particles. 

gene in the absence of the gratuitous inducer IPTG is about An alternative expression system also has been described 

10 copies of RNA per cell. The inducible promoter corre- 65 in which chimeric HIV/polio virus genomes result in the 

sponding to the Astrovirus/alphavirus structural gene generation of chimeric noinireplicons (J. Virol. 65:2875, 

expression cassette may be the lac operon or other suitable 1991) capable of expressing fusion proteins. These chimeric 
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polio vims minireplicons, in which HIV-1 gag-pol sequences endosomal membrane, resulting in delivery of the nucleo- 
were substituted for the VP2 and VP3 capsid genes of the PI capsid particle into the cytoplasm (New Aspects of Positive- 
capsid of poliovirus, were later demonstrated to be encapsi- Stranded RNA Virus, pp. 166-172, 1990). 
dated and produce infectious particles by using a recombi- The present invention recognizes that by disrupting gly- 
nant vaccinia virus (W-Pl) that expresses the substituted 5 coprotein activity (in particular, but not limited to that of E2) 
poliovirus capsid precursor PI proteins defective in the aud co-expressing an intact heterologous glycoprotein, or by 
chimeric minireplicon (/. Virol 67:3712. 1993). For use in creating hybrid envelope gene products (i.e., specifically, an 
accordance with this invention, the alphavirus vector alphavirus envelope glycoprotein having its natural cyto- 
genome is substituted for the PI capsid sequences and used phsmic domain and membrane-spanning domain, with its 
as a means for providing polio-pseudotyped alphavirus 10 exogenous binding domain replaced by the corresponding 
vectors after transfecting in vitro transcribed alphavirus domain(s) from a different envelope glycoprotein, or by 
vector RNA transcripts into the cell line. Conversely, replacing the E2 and/or El glycoproteins with those of other 
alphavirus structural proteins also may be substituted for the alphaviruses or their derivatives which differ from that of the 
VP2 and VP3 proteins, subsequently providing an altema- vector in their tissue tropism, the host range specificity may 
tive packaging cell line system for alphavirus based vectors, is be altered without disrupting the cytoplasmic functions 
In an alternative system, several components are used, required for virion assembly. Alternatively, by replacing one 
including: (1) alphavirus structural proteins made in the or more of the alphavirus structural proteins with the strac- 
baculovirus system using techniques described by Smith et tural protein(s) of another virus and introducing the corre- 
al, (supra) (or in other protein production systems, such as sponding viral packaging sequence into the alphavirus vec- 
yeast or E. coli); (2) viral vector RNA made in the known 20 tor construct, assembly of recombinant alphavirus vector 
T7, SP6 or other in vitro RNA-generating system (Flam ant constructs into particles of other virus types can be achieved. 
etal.,7. Virol 62:1827, 1988); (3) tRNA transcribed in vitro Thus, recombinant alphavirus particles can be produced 
or purified from yeast or mammalian tissue culture cells; (4) which have an increased affinity for pre-selected target cells, 
liposomes (with embedded envelope glycoproteins); and (5) depending on the tropism of the protein molecule(s) or 
cell extract or purified necessary components when identi- 25 domain(s) introduced. 

fied (typically from mouse cells) to provide RNA j n one embodiment, substitution of the analagous enve- 

processing, and any or other necessary cell-derived func- i ope glycoproteins El and/or E2 from other alphaviruses or 

uons - their variants is performed to alter tissue tropism. For 

Within this procedure, components (1), (2) and (3), from example, Venezuelan equine encephalitis virus (VEE) is an 

above, are mixed, and then envelope glycoprotein associated 30 alphavirus which exhibits tropism for cells of lymphoid 

alphavirus proteins, cell extract and pre-liposome mix (lipid origin, unlike its Sindbis virus counterpart. Therefore, 

in a suitable solvent) are added. In an alteration of the Sindbis-derived vector constructs packaged in a cell line 

procedure, the alphavirus envelope glycoproteins are expressing the VEE structural proteins display the same 

embedded in the liposomes prior to addition to the mixture lymphotropic properties as the parental VEE virus from 

of (1), (2), and (3). The resulting mixture is then treated (e.g., 35 which the packaging cell structural protein gene cassette was 

by so ni cation, temperature manipulation, or rotary dialysis) obtained. 

to allow envelopment of the viral nucleocapsid particles Specifically, the Trinidad donkey strain of VEE virus 

with lipid plus embedded alphavirus envelope glycoprotein (Arcc #V R-69) is propagated in BHK-21 cells, and virion 

in a manner similar to that for liposome encapsidation of ^ A fa extracted proce dures similar to those 

pharmaceuticals (Gould-Fogente et al, Anal Biochem. 40 described in Example 1. The entire structural protein coding 

148:15, 1985). This or similar procedures can be used to region k ampWxtd with a primer pair whose 5'-ends map, 

produce high litres of packaged alphavirus vectors without respectively, to the authentic AUG translational start site, 

the requirement of establishing intermediate packaging cell mclud i ng the surrounding Kozak consensus sequence, and 

^ mes " 45 UGA translational stop site. The forward primer is comple- 

Ex ample 9 mentary to VEE nucleotides 7553-7579, and the reverse 

primer is complementary to VEE nucleotides 11206-11186 

CELL LINE OR ISSUE SPECIFIC ALPHAVIRUS (sequence from Kinney et ^Virology 170:19-30, 1989). 

VECTORS-"HYBRID ENVELOPES" PCR amplification of VEE cDNA corresponding to the 

The tissue and cell-type specificity of alphaviruses is 50 P rotein &™*j> accomplished using a two-step 

determined primarily by the virus^ncoded envelope tran ^Pt a f" PCR protocol as oWbed above the 

proteins, El and E2. These virion structural proteins are ^ genome RNA as template, and the following ohgo- 

transmembrane glycoproteins embedded in a host cell- nucleotide pain 

derived lipid envelope that is obtained when the viral Forward P™aer (VEE 7553F) 

particle buds from the surface of the infected cell. The 55 S'-TATATXrATGCGGCCGCACCGCCAAGATGTTC- 

envelope surrounds an icosabedral nucleocapsid, comprised CCGTTCCAGCCA-3' (SEQ. ID NO. 90) 

of genomic RNA complexed with multiple, highly ordered Reverse primer (VEE 11206R) 

copies of a single capsid protein. The El and E2 envelope 5 '-TATATATATGCG GCCG CTC AATTATGTTTCTG- 

glycoproteins are complexed as heterodimers which have GTTGGT-3' (SEQ. ID NO. 91) 

been reported to assemble into trimeric structures, forming 60 In addition to their respective complementarities to the 

the characteristic "spikes" on the virion surface. In addition, indicated VEE nucleotides, each primer includes a Not I 

the cytoplasmic tails of these proteins interact with the recognition sequence at their 5' ends. Following PCR 

nucleocapsids, initiating the assembly of new viral particles amplification, the 3800 bp fragment is purified in a 1% 

(Virology 193:424, 1993). Properties ascribed to the indi- agarose gel and digested with the enzyme Not I. The 

vidual glycoproteins of Sindbis virus include receptor bind- 65 resulting fragment is then ligated separately into the pOP13 

ing by glycoprotein E2 (Virology 181:694, 1991) and gly- and pOPRSVl vectors (Stratagene) described previously, 

coprotein El-mediated fusion of the virion envelope and the which are digested with Not I and treated with calf intestinal 
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alkaline phosphatase. These resulting vectors, which contain 
the entire VEE structural protein coding sequence, are 
known as pOP13-VEESP and pOPRSVl-VEESP. The use of 
these clones in the development of VEE-based packaging 
cell lines follows that described for Sindbis packaging lines. 
Alternatively, the PCR amplified VEE structural protein 
gene fragment digested with NotI is ligated into the replicon 
inducible ELVIS cassette described in Example 7. Plasmid 
pVGELVISBV-linker is digested with Bsp EI to remove 
most nonstructural protein coding sequences, and the vector 
is then re-ligatcd with itself to generate the construct 
pVGELVISdl-linker. Subsequently, this plasmid is digested 
with NotI, treated with calf intestinal alkaline phosphatase, 
and ligated with the NotI digested VEE fragment to generate 
the expression cassette pVGELVdlVEE. Plasmid DNA of 
this construct is transf ected into the appropriate cell line and 
selection for G418 resistance is performed as described in 
Example 7. In addition, variations of the vector-inducible or 
lac operon-VEE structural protein gene expression vectors 
may be constructed using other systems described herein. 
Additionally, other variations may be constructed which 
combine the capsid protein gene of one alphavirus (for 
example, Sindbis) with the envelope glycoprotein genes of 
another alphavirus (for example, VEE) in a split gene 
approach, as described in Example 7. Furthermore, variants 
of VEE, and other alphaviruses and their variants differing 
in tissue tropism, are useful when following this approach. 

In another embodiment, a RNA packaging signal derived 
from another virus is inserted into the alphavirus vector to 
allow packaging by the structural proteins of that corre- 
sponding virus. For example, the 137 nt. packaging signal 
from hepatitis B virus, located between nts. 3134 and 88 and 
spanning the preco re/core junction (Junker-Niepmann et al. 
EMBOJ. 9:3389, 1990), is amplified from an HBV template 
using two oligonucleotide primers. PCR is performed using 
a standard three temperature cycling protocol, plasmid 
pHBVl.l (Junker-Niepmann et al. EMBOJ. 9:3389, 1990) 
as the template, and the following oligonucleotide pair, each 
of which contain 20 nucleotides complementary to the HBV 
sequence and flanking Apal recognition sequences: 
Forward primer (HBVpkgF) 

5 '-TATATG G GCCCTACATGTCCCACTGTTC AAG -3' 
(SEQ. ID NO. 117) 
Reverse primer (HBVpkgR) 

5 , -TArArGGGCCCGTACGGAAGGAAAGAAGTCA-3 t 
(SEQ .ID NO. 118) Following amplification, the PCR 
amplicon is digested with Apal and purified from a 
15% agarose gel using MERMAID™ (BiolOl). Sind- 
bis vector plasmid pKSSINdlJRsjrc (Example 3) also is 
digested with Apal, under limited conditions to cleave 
at only one of its two sites, followed by treatment with 
CLAP, purification from a 1% agarose gel, and ligation 
with the above-synthesized HBV amplicon, to produce 
a construct designated pKSSINhbvJR. Other alphavi- 
rus vectors (see Example 3) are readily modified in a 
similar manner. Cell lines which express the HBV core, 
preS/S, and P proteins necessary for packaging of the 
RNA sequence are derived by modification of helper 
plasmid pCH3143 (Junker-Niepmann et al., EM BO J. 
9:3389, 1990) to include a selectable marker. An 
expression cassette containing the neomycin resistance 
marker is obtained by digestion of plasmid pBK-RSV 
(Stratagene) with Mst II and blunt-ending with Klenow 
fragment. The selectable marker is then ligated into any 
one of several unique sites within pCH3143 that have 
been digested and their termini made blunt. The result- 
ing construct is transf ected into a desired cell line, for 
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example, mouse hepatoma line Hepal-6 (ATCC 
#CRL1830), and selected using the drug G418, as 
described in Example 7. Introduction of the pKSSIN- 
hbvJR vector, or related RNA- or DNA-based alphavi- 
rus vectors, results in the production of packaged 
vector particles with the same hepato tropism as HBV. 
Similarly, the packaging signal from a corona virus can be 
incorporated into the alphavirus vector. For example, the 
190 nt packaging signal from mouse hepatitis virus (MHV), 
comprising nts 2899 to 3089 (Fosmire et al., J. Virol. 
66:3522, 1992), is amplified in a standard three cycle PCR 
protocol using THERMALASE™ polymerase, DIssF plas- 
mid MP51-2 (Fosmire et al., J. Virol 66:3522, 1992) as the 
template, and the following oligonucleotides, which contain 
flanking Apal recognition sites: 
Forward primer (MHVpkgF) 
5-TATATGGG CCCATTTTGGTTTTGCTArGCGTA-3' 
(SEQ. ID NO. 119) 
Reverse primer (MHVpkgF) 
S'-TATATGGGCCCArCGAGGTGAGAAAGAGGAC-y 
(SEQ. ID NO. 125) Following amplification, the PCR 
amplicon is digested with Apal, purified from a 15% 
agarose gel using MERMAID™, and ligated into 
pKSSINdlJRsjrc, prepared as described for HBV. The 
resulting construct is designated pKSSINmhvJR. Other 
alphavirus vectors (see Example 3) are readily modified 
in a similar manner. Packaging of vectors modified 
with this MHV sequence is accomplished by using 
expression cassettes which produce each of the 
required corona virus structural proteins: nucleocapsid 
(N protein; Armstrong et al., NAR 11:883, 1983); 
membrane (M protein, Armstrong et al., Nature 
308:751, 1984); and spike (S protein, Luytjes et al., 
Virology 161:479, 1987). Preferably, these proteins are 
inserted into the vector-inducible pVGELVSdl-linker 
plasmid (described previously in this example) and 
selected for with the G418 drug following transf ection 
into the appropriate cell type. Other expression meth- 
odologies (see Example 7) may also be readily utilized. 
Additional coronaviruses, for example, human coro- 
navirases OC43 (ATCC #VR-759) and 229E (ATCC 
#VR-740), can be readily used in place of MHV to 
produce packaged recombinant alphavirus particles 
which show tropism for cells in the respiratory tract. 
Similarly, the packaging signal from a retrovirus can be 
incorporated into an alphavirus vector construct. For 
example, the 351 nt extended packaging signal (ip+) from 
Mo-MLV, corresponding to nts 212 to 563 (Mann et al., Cell 
33:153, 1983), is amplified in a standard three cycle PCR 
protocol as described above, using plasmid pMLV-K (Miller, 
J. Virol 49:214, 1984) as template and the following 
oligonucleotides, each of which contain a flanking Apal 
recognition site: 
Forward primer (MLVpkgF) 

S'-TATATGGGCCCTGTATCTGGCGGACCCGTGG-S* 
(SEQ. ID NO. 126) 
Reverse primer (MLVpkgR) 

5 , -TArArGGGCCCGCAGACAAGACGCGCGGCGC-3' 
(SEQ. ID NO. 127) 
Following amplification, the PCR amplicon is digested with 
Apal, purified from a 1.5% agarose gel using 
GENECLEAN™, and ligated into plasmid 
pKSSINdlJRsjrc, prepared as described above. The resulting 
construct is designated pKSSINmlvJR. Other alphavirus 
vectors (see Example 3) are readily modified in a similar 
manner. The generation of a retroviral-derived producer cell 
line for packaging and production of the above alphavirus 
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vector constructs is accomplished by traosfecting an appro- with biotinylated antibodies or other ligands. The patient is 

priate packaging cell line, for example amphotropic line DA first flooded with antibodies, and then allowed time to clear 

(WO 92/05266), and selecting for resistance to the drug unbound and nonspecifically-bound antibody before admin- 

G418, as described previously. istering the vector. The high affinity (1(T 15 ) of the avidin 

In each case, the packaging sequences from HBV, 5 binding site for biotin will allow accurate and efficient 

corona virus, retrovirus, or any other virus, also may be targeting to the original tissue identified by the monoclonal 

incorporated into alphavims vectors at locations other than "image". Additional targeting approaches are known in the 

those outlined above, provided the location is not present in art and can readily be adopted for use in the practice of the 

the subgenomic transcript. For example, the next most present invention. For example, see U.S. Ser. No. 08/242, 

preferable site of insertion is the carboxy-terminal region of 10 407. 
nonstructural protein 3, which has been shown to be highly 

variable in both length and sequence among all alphaviruses Example 10 
for which sequence information is available. Further, these 

applications are not limited by the ability to derive the LACTOSE FORMULATION OF A 

corresponding packaging cell lines, as the necessary struc- is RECOMBINANT ALPHAVIRUS VECTOR 

rural proteins also may be expressed using any of the Crude recombinant alphavims particles are obtained from 

altenative approaches described in Example 8. a Celligan bioreactor (New Brunswick, NJ.) containing 

In yet another embodiment, a heterologous glycoprotein packaging cells transfected or transduced with the alphavi- 

or cellular ligand is expressed in the lipid bilayer of a rus vector construrt, and bound to the beads of the bioreactor 

packaging cell line for producing enveloped recombinant 20 ma trix. The cells release the packaged recombinant alphavi- 

alphavirus particles. This approach is similar to that rus particles into growth media that is passed over the cells 

described in Example 8 for the production of VSV-G m a continuous flow process. The media exiting the biore- 

pseudo-typed alphavims vectors, except that in this actor ^ collected and passed initially through a 0.8 micron 

configuration, the E2 receptor-biriding function is inacti- fi] tery men through a 0.65 micron filter to clarify the crude 

vated by insertion, deletion, or site-specific mutagenesis. As 25 recombinant alphavims particles. The filtrate is concentrated 

an example, receptor binding function of E2 can be inacti- utilizing a doss flow concentrating system (Filtron, Boston, 

vated by techniques known in the art to restrict vector Mass.). Approximately 50 units of DNase (Intergen, New 

particle tropism to that which is supplied by the heterolo- Y ork, N.Y.) per ml of concentrate is added to digest exog- 

gous glycoprotein or cellular ligand. In addition to the erjous DNA The digest is diafiltrated using the same cross 

example of VSV-G pseudo-typing, other viral glycoproteins 30 flow syslem to 150 mM NaC1? 25 mM tromethamine, pH 

which target specific cellular receptors (such as the retroviral 7 2 . The diafiltrate is loaded onto a Sephadex S-500 gel 

HIV gpl20 protein for CD4 cell targeting) are utilized when column (Pharmacia, Piscataway, N J.), equilibrated in 50 

expressed from standard vectors stably transfected into mM Na a, 25 mM tromethamine, pH 7.4. The purified 

alphavims packaging cell lines. recombinant alphavims particles are eluted from the Sepha- 

In another configuration, chimeric glycoproteins are pre- 35 dex s . 500 ge i column in 50 mM NaCl, 25 mM 

pared which allow for targeting of alphavims vector con- tromethamine pH 7 4 

structs into particular cell lines in vitro or tissue types in ^ formulation buffer containing lactose is prepared as a 

vivo. To construct such a chimeric glycoproteu,, speaOc ^ stock ^ formulation buffer ma . 

ohgonucleotides encoding the ligand binding domam of the ^35^ 70 mM NaCl, 2 mg/ml arginine, 

' P homoIo f us alphavuus sequences 40 1Q ^ sen]m albumin (HS A), and lOO^/ml 

(which include a unique specific restriction endonuclease i ♦ • at i nr^ i . in^ 

V v , A v- 1 . ^ .... lactose m a final volume of 100 mis at a pH 7.4. 
site), are used to amplify an insert sequence that can be 

substituted into an alphavims structural protein expression ^ recombinant alphavims particles are formu- 

cassette. Alternatively, limited Bal-31 digestions from a lated by adtog one part 2x lactose formulation buffer to one 

convenient restriction enzyme site are performed in order to 45 P 3 * S " 500 Purified recombinant alphavims particle prepa- 

digest back to a permissive insertion site, followed by blunt raUon - ^ fonnulated recombinant alphavims particles can 

end ligation of a fragment encoding a small receptor binding at _7 ° c to - 80 c or dried - 

domain, an entire viral glycoprotein, or cell surface ligand. The formulated alphavims particles are lyophilized in an 

As an example, peptides corresponding to the principal Edwards Refrigerated Chamber (3 Shelf RC3S unit) 

neutralizing domain of the HIV gpl20 envelope protein 50 attached to a Supermodulyo 12K freeze dryer (Edwards 

(Virology 185:820, 1991) can be used to disrupt normal E2 High Vacuum, Tonawanda, N.Y.). When the freeze drying 

tropism and provide CD4 cell targeting. cycle is completed, the vials are stoppered under a vacuum 

While inclusion of the HIV gpl20 neutralizing domain following a slight nitrogen gas bleeding. Upon removal, 

illustrates one example of a hybrid or chimeric envelope vials are crimped with aluminum seals. The lyophilized 

protein, the possibilities are not limited to viral glycopro- 55 recombinant alphavims particles are reconstituted with 1.0 

teins. For example, the receptor binding portion of human ml water or other physiologically acceptable diluent. 
interleukin-2 can be combined with the envelope protein(s) 

of an alphavims to target vectors to cells with IL-2 receptors. Example 11 

Furthennore, the foregoing technique can be used to create ADMINISTRATION OF RECOMBINANT 

a recombinant alphavims particles with envelope proteins 60 AT p „ AVn?ITQ PAPTIfn P o 

that recognize Fc portions of antibodies. Monoclonal anti- althaviku^ r/VKi iclxio 

bodies which recognize only preselected target cells are then A therapeutic alphavims vector used for the treatment of 

bound to such Fc receptor-bearing alphavims vector Gaucher disease (see Example 17) may be administered by 

particles, such that the vector particles bind to and infect transducing autologous CD34 + cells in an ex vivo protocol 

only those preselected target cells (for example, tumor 65 or by direct injection of the vector into the patient's bone 

cells). Alternatively, a hybrid envelope with the binding marrow. In order to achieve the longest therapeutic expres- 

domain of avidin is used to target cells that have been coated sion of GC from the recombinant multivalent vector, the best 
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mode of administration is to transduce long lived cell ines and cultured 48 hours prior to the co-cultivation with 

precursors of the clinically affected cell type, for example the irradiated vector producing cells. Since alpbavirus vec- 

monocytes or macrophages. By transducing the earliest tors are able to infect nonreplicating cells, prcstimulation of 

precursors of the effected cell type, the cell precursors are mese may not ^ required, however prcstimulation of 

rife to self renewal 5 these cultures causing proliferation will provide increased 

maturing ;GC positive ceUs. The earliest plunpotenl i hemato- ^ for reinfusion mto the palienL 

poieUc stem cell studied to date are the CD34 cells which r r r 

make up \%-A% of a healthy bone marrow population or Prcstimulation of the CD34 + cells is performed by incu- 

0.1% in the peripheral blood population. Being able to bating the cells with a combination of cytokines and growth 

transduce CD34 + cells is important in sustaining long term 10 factors which include IL-1, IL-3, IL-6 and mast cell growth 

expression not only for the monocyte/macrophage lineage factor (MGF). Prestimulation is performed by culturing 

but any hematopoietic cell targeted for a therapeutic protein. 1 -2x10 s CD34 + cells/ml of medium in T25 tissue culture 

Two approaches for transducing CD34 + cells include an ex flasks containing bone marrow stimulation medium for 48 

vivo and an in vivo protocol. The in vivo protocol focuses hours ^ ^ marrow stimulation medium consists of 

on transducing an indiscriminate population of bone marrow 15 4 . . ork/w ■ 4 . . , , , A „ ~ 

cells by mrect injection of the vector into the bone marrow ™ ocmUiiimg 30% non-heat macUvated hAB serum, 2 

ofpatients. -fteex vivo protocol focuseson isolating CD34+ mM L-glutamine, 0.1 mM 2-mercaptoethanol, 1M 

positive stem cells, from the patient's bone marrow, or an hydrocortisone, and 1% deionized bovine serum albumin, 

infant patient's umbilical cord blood, transducing the cells A 11 reagents used in the bone marrow cultures should be 

with vector, then subsequently injecting the autologous cells 20 screened for their ability to support maximal numbers of 

back into the patient. Both approaches are feasible, but the granulocyte, erythrocyte, macrophage, megakaryocyte, 

ex vivo protocol enables the vector to be used most effi- colony-forming units from normal marrow. Purified recom- 

ciently by transducing a specific cultured population of binant human cytokines and growth factors (Immunex 

CD34+ cells. Details of an ex vivo method are provided in Corp., Seattle, Wash.) for prestimulation should be used at 

™ ^!!?^L^?o™ .™* T ^ . ^ T .™, AT 25 the following concentrations: E, co/i-derived IL-1 (100 

EX VIVO ADMINISTRATION OF A MULTIVALENT GC ... n * . . „ a /c . « „ . /cn TT , n v A 

SINDBIS VECTOR 1 ^ yeast^lenved IL-3 (5 ng/ml), IL-6 (50 U/ml), and 

CD34+ cells are collected from the patient's bone marrow MGF C 50 *& mX ) (Anderson et aL, Cell Growth Differ. 2:373, 

by a syringe evacuation performed by a physician familiar 1991). 

with the technique. Alternatively, CD34 + cells may also be 30 After prestimulation of the CD34 + cells, they are then 
obtained from an infant's umbilical cord blood if the patient infected by co-cultivation with the irradiated Sindbis pro- 
is diagnosed before birth. Generally, if the bone marrow is ducer cell line (expressing the GC therapeutic vector) in the 
the source of the CD34+ cells, 20 bone marrow aspirations continued presence of the stimulation medium. The Sindbis 
are obtained by puncturing femoral shafts or from the vectQr ^ line ^ first trypsinized, irradiated 

posterior iliac crest under local or general anesthesia. Bone 35 „ .\ , * , ■, . ^ „ , , c , 

v . * , , . „ (10,000 Rads) and replated at 1-2x10* cells/ml of bone 

marrow aspirations are then pooled, suspended in Hepes- v . , . r ,. ^ . „ , „ „ 

Buffered Hanks' balanced salt solution contaimng heparin at marTOW f^f^ A ^T\ -^I^^c 

100 units per ml and deoxyribonuclease I at 100 ug/ml and prestnnulated CD34 cells/ml is added to the Sindbis vector 

then subjected to a Ficoll gradient separation. The buffy Pacing cell line monolayer. Cultivation of the cells is 

coated marrow cells are then collected and washed accord- 40 performed for 48 hours. After co-cultivation, the CD34 

ing to CellPro's CEPRATE® LC (CellPro, BotheU, Wash.) collected {lom me adherent Sindbis vector produc- 

(CD34) Separation system (see U.S. Pat. Nos. 5,215,927; m g ^ monolayer by vigorous washing with medium and 

5,225,353; 5,262^34; 5,215,926 and PCT/US91707646). plated for 2 hours to allow adherence of any dislodged 

The washed buffy coated cells are then stained sequentially vector producing cells. The CD34 4 " cells are collected and 

with anti-CD34 monoclonal antibody, washed then stained 45 expanded for an additional 72 hours. The cells are then 

with biotinylated secondary antibody supplied with harvested and frozen in liquid nitrogen using a cryo- 

CEPRATE® system. The cell mixture is then loaded onto protectant in aliquots of lxlO 7 cells per vial. Once the 

the CEPRATE® avidin column. The biotin-labeled cells are treated CD34*" cells have been tested for the absence of 

adsorbed onto the column while unlabeled cells passed adventitious agents, frozen transformed CD34 + cells may be 

through. The column is then rinsed according to the 50 thawed, plated to a concentration of 1x10 s cells/ml and 

CEPRATE® system directions and CD34 + cells ehited by cultured for an additional 48 hours in bone marrow stimu- 

agitation of the column by manually squeezing the gel bed. lation medium . Transformed cells are collected, washed 

Once the CD34" cells are purified, the purified stem cells are twice aod resuspended in normal saline. The number of 

counted and plated at a concentration of 1^ alls/ml in cells used to infuse back into the patient per 

kcove s modified Dulbecco s medium (IMDM; Irvine 55 fc ^ ^ ^ ^ a of ^ 10xl0 y ^ 

Scientific, Santa Ana, Calif.) containing 20% pooled non- v * * * c • - 

, . 4 , , ' n ' A n \ per patient per injection site requiring up to four injection 

heat inactivated human AB serum (hAB serum). . _ — . 3 , _ . Al . . . 

Aft -c 1 ii_ j c * , • - r j sites. Infusion may be performed directly back mto the 
Alter puri neat ion, several methods of transducing punned . , , 1- . ■ . ».i 1 
stem cells may be performed. One approach involves imme- P aUenl s ^ "arrow or direcdy mto the penpheral blood 
diate transduction of the purified stem cell population with 60 stream " PaUents receivm 8 autologous transduced bone mar- 
recombinant alphavims particles contained in culture super- row ^ ma y be either partially or whole body irradiated, 
natants derived from vector packaging or producing cells. A to <Mcte existing bone marrow populations. Treatment may 
second approach involves co-cultivation of an irradiated ^ assessed at various time points post infusion to determine 
monolayer of vector producing cells with the purified popu- GC activity and for length of expression in differentiated cell 
lation of nonadherent CD34* cells. A third approach 65 types. If at some point during the course of follow-up 
involves a similar co-cultivation approach, however, the procedures expression decreases or is nonexistent, trans- 
purified CD34 + cells are prestimulated with various cytok- duced autologous cells may be reinjected into the patient. 
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Example 12 resulting construct, containing a CMV promoter which 

transcribes an antisense reporter cassette RNA of the con- 

DETERMINAnON OF VECTOR UNITS IN A figuration Sindbis 3'-end sequence/LacZ gene/junction 

PREPARATION BY INFECTION OF A region/Sindbis 5'-end sequence/HDV ribozyme, is known as 

REPORTER PROTEIN EXPRESSING CELL 5 p siNjra-gal 

UNE UNDER THE CONTROL OF THE BHKSINjra-gal cells are derived by transection of 5x10 s 

SINDBIS JUNCTION REGION BHK-21 cells, grown in a 60 mm petri dish, with 5 ug of the 

DETERMINATION OF VECTOR UNITS IN A g'f ^S^^-^&rS^^ 

PREPARATION BY INFECTION OF A p- ,„ TraiisfecUm™ (Promega, Mamson, W*.). M 24hourpoa- 

GALACTOSIDASE EXPRESSING REPORTER 10 *L? ed ? ^supplemented w,th 400 ug/Mof 

CELL LINE G418 (GibcoBRL, Gaithersburg, Md.). After all non- 

transfected cells have died and G418 resistant colonies have 

In order to administer the proper therapeutic dose of begun dividing, the cells are removed from the plate by 
vector to individuals, it is desirable to derive a method by trypsinization, pooled, then cloned by limiting dilution, 
which the vector infectious units contained in a preparation 15 Several clones are tested for the production of functional 
can be determined easily. This is accomplished by the p-galactosidase by infection with a known titer of a wild- 
generation of a cell line which expresses p-galactosidase or type stock of Sindbis virus. Production of functional 
another reporter gene only when functional Sindbis non- p-galactosidase in candidate BHKSINjra-gal clones is deter- 
structural proteins are present in the cell. The cell line can be mined 6 hours post-infection by first fixing PBS-rinsed cells 
infected with increasing dilutions of a Sindbis vector prepa- 20 with a solution containing 2% formaldehyde (37% stock 
ration such that individual cells are not infected with more solution)/0.2% ghitaraldehyde, then staining the cells with a 
than one vector particle, allowing the titer, or vector units, to solution containing 0.5 mM potassium ferricyanide/0.5 mM 
be determined. Thus, the cell line is an assay of functional potassium ferrocyanide/2 mM MgC^/l mg/ml X.gal. Blue 
particles present in a vector preparation. cells are clearly visible within 3 hours. Provided that the 
A. GENERATION OF A CELL LINE WHICH 25 Sindbis virus stock does not contain a high level of defective 
EXPRESSES FUNCTIONAL P-GALACTOSIDASE PRO- interfering (DI) particles, the virus titer as determined by 
TEIN UNDER THE CONTROL OF SINDBIS NON- plaque assay on BHK-21 cells should be similar to the titer 
STRUCTURAL PROTEINS observed by X-gal staining on BHKSINjra-gal cells. 

In one configuration, a eukaryotic expression cassette is The titer of various alphavirus vector preparations, in 

constructed which contains a 5 f -end sequence capable of 30 vector units, produced from packaging cell lines such as 

initiating transcription of Sindbis RNA, a Sindbis junction those described in Example 7, is determined by infection of 

region, a reporter gene, and a 3'-end Sindbis RNA poly- confluent monolayers of BHKSINjra-gal cells with several 

merase recognition sequence for minus-strand synthesis. dilutions of vector. The titer of the vector preparation is 

This cassette is positioned in an antisense orientation, adja- determined at 6 hour post-infection by visualization of cells 

cent to a eukaryotic transcriptional promoter. Additionally, 35 producing P-galactosidase protein, as described above, 

these constructs also may contain a catalytic ribozyme Smc f lhe alphavirus vectors described do not contain the 

sequence immediately adjacent to Sindbis nucleotide l.of viral region cx>rre^ndmg to the structural genes, it is not 

W/* r . , u ■« i* ■ i c *u possible to determine the titer of a vector preparation by 

the 5'-end sequence which will result in cleavage of the r . • n 

TixTA * * * * i » *u- c- au- i plaque assay in BHK-21 cells, 
primary RNA transcript precisely after this Sindbis nucle- * ^ m ^ cl a ^ ^ line is produced by using a 
otide. In this antisense orientation, the reporter gene cannot 40 dafcrent repofter ^^^on, which consists of a 
be translated and is dependent entirely on the presence of eukaryotic promoter/5'-end Sindbis sequence recognized by 
Sindbis nonstructural proteins for transcription into positive me transcriptase/Sindbis junction region/reporter gene/ 
stranded mRNA prior to reporter gene expression. These Sindbis RNA polymerase recognition sequence for minus- 
non-structural proteins will be provided by the Sindbis strand synthesis, and is expressed in a sense-orientation, 
vector preparation being titered. In addition, this 45 This reporter expression cassette requires synthesis, by 
configuration, if designed to contain the precise Sindbis vector-supplied Sindbis nonstructural proteins, into an anti- 
genome 5'- and 3*-end sequences, will allow for the reporter sense RNA molecule, prior to transcription of the subge- 
gene transcripts to undergo amplification by utilizing the nomic message encoding the reporter gene, 
same nonstructural proteins provided by the Sindbis vector. Specifically, the sense-orientation packaging construct is 

An example of this antisense titering construction is as 50 created as follows. PI asm id p VGELVIS is digested with the 

follows. Briefly, the plasmid pKSSINBV-lacZ (described in enzyme Apa I, which cleaves at nucleotide 11737, just 

Example 6) is digested with the enzymes Apa I and Bam HI. downstream of the Sindbis 3'-end. The Apa I-digested DNA 

This results in the removal of the Sindbis 5' and Sindbis ™ blunt-ended by the addition of T4 DNA polymerase and 

nonstructural protein sequences. The 7 kbp fragment is dNTPs ™ d incubation at 16° C. for 10 minutes. After heat 

purified on a 0.7% agarose gel. This fragment is ligated to 55 ^activation of the polymerase the DNA fra^nent is 

a fragment obtained by digestion of pd5^6s (described in ***** ^ ^ "ZY™ Sfi I and the lf^l^fragment 

V i -v ... A / f t» m c ii j u t -r. is purified in a 1% agarose gel. Plasmid pSKSINBV-lacZ is 

Example 7) with Apal and BamHI followed by ge^unfi- ^ ^ e * ^ j Sfi I. The 6.4 kbp 

cationofth^ fS&KiA is purified in a 1% agarose gel. The 6.4 kb£ 

m6 ™,c^^ ^ OW ^ pSKSINBV-lacZ fragment then is ligated into the purified 

as pKSd5'BV-lacZ. pKSdS'BV-lacZ is digested with Apa I 60 pV GELVIS fragment to create the plasmid pELVIS-gal. 

and Pme I followed by purification of the 7.4kbp fragment plasmid contains the complete Sindbis nonstructural 

on a 0.7% agarose gel. This fragment contains the HDV proteins, Sindbis junction region, LacZ gene and Sindbis 

ribozyme, Sindbis 5' end, junction region, LacZ gene, and 3'-end replicase recognition sequence under the control of 

Sindbis 3* end sequences. This fragment is ligated in the the MuLV LTR promoter. Plasmid pELVIS-gal is digested 

antisense orientation into pcDNA3 (Promega Corp., 65 with Bsp EI, purified by GENECLEAN (Bio 101 Corp., San 

Madison, Wis.) by digestion of pcDNA3 with Apa I and Diego, Calif.) and religated to itself. Bsp EI removes the 

EcoRV followed by GENECLEAN™ purification. The Sindbis nonstructural protein gene sequences between nts 
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422-7054. The re-ligated construct contains a 5' sequence I. These digests remove nucleotides 1407-6920 from within 

that is capable of initiating transcription of Sindbis RNA, the non-structural coding region. After heat inactivation of 

Sindbis junction region, sequences encoding the LacZ gene, the enzymes, the digested vector is religated under dilute 

and Sindbis 3'-end sequences required for synthesis of the conditions. This construct is known as pELVISdlE-Hluc. 

minus-strand RNA, all downstieam, and under the transcnp- 5 Jh e construct is transfected into BHK cells and utilized as 

Uonal control of a MuLV-LTR promoter. This construct is , , . . 

known as pELVISdlNSP-gal described previously. 

Plasmid pELVISdlNSP-gal is transfected into BHK-21 Example 13 
cells and tested as described previously. The BHK 

pELVISdlNSP-gal cells produces an RNA transcript with a GENERATION OF VECTOR CONSTRUCTS 

5'-end sequence that is recognized by the Sindbis 10 WHICH EXPRESS HBV ANTIGENS FOR THE 

transcriptase, a Sindbis junction region, sequences encoding INDUCTION OF AN IMMUNE RESPONSE 

the LacZ gene, and Sindbis 3'-«nd sequences required for ation OF HRV P/fORF SFnilPNPP 

synthesis of the minus-strand RNA. 8-galactosidase expres- ^ * OF , ^ C RE ^ EQUENCE 

sion from the primary transcript is prevented because of an A 18 *?> fragment containing the entire precore/core 

upstream open-reading frame and stop codons created by the coding region of hepatitis B is obtained from plasmid pAM6 

Bsp EI deletion. The addition of Sindbis nonstructural 15 (ATCC No 45020) following Bam HI digestion and gel 

proteins, provided by the Sindbis vector being titered, results purification, and ligated into the Bam HI site of KS n+ 

in transcription of active LacZ transcripts from the Sindbis (Stratagene, La Jolla, Calif.). This plasmid is designated KS 

junction region, after initial synthesis of an antisense inter- jj + HBpc/c. Xho I linkers are added to the Stu I site of 

mediate. Furthermore, this configuration, if designed to precore/core in KS 11+ HBpc/c (at nucleotide sequence 

contain the precise Sindbis genome 5'- and 3'-end sequences, 20 1>704 v f oUowed b y cleavage with Hinc II (at nucleotide 

allows the reporter gene transcripts to undergo amplification nce 2y592) ^ rcsulting 877 base pair Xho I-Hinc II 

by utilizing the same nonstructural proteins provided by the precore/core fragment is cloned into the Xho I/Hinc II site 

Sindbis vector. of SK D+ . This plasmid is designated SK+HBe. 

In another configuration, a titering cell fine is produced PREPARATION OF SEQUENCES UTILIZING PCR 

usmg an expression cassette containing an antisense reporter v SITE-DIRECTED MUTAGENESIS OF HBV E/CORE 

gene followed by the 3'nend alphavirus replicase recognition «sFOI JFNTTM JTITI7TNfl PCU 

sequences, positioned in the sense-orientation. This MiUUtiwuti uiilozjinu fLK 

construct, under the control of a eukaryotic promoter, pro- The precore/core gene in plasmid KS 11+ HB pc/c is 

duces an RNA transcript that is recognized and transcribed sequenced to determine if the precore/core coding region is 

by alphavirus nonstructural proteins provided by the vector correct. This sequence was found to have a single base-pair 

to be titered. The alphavirus nonstructural proteins re cog- 30 deletion which causes a frame shift at codon 79 that results 

nizc sequences in the primary reporter transcript, and in turn, in two consecutive in-frame TAG stop codons at codons 84 

synthesize a sense reporter transcript. This construct does and 85. This deletion is corrected by PCR overlap extension 

not benefit from amplification of the reporter gene transcript, (Ho et al., Gene 77:51, 1989) of the precore/core coding 

but should still provide sufficient transcripts to allow for region in plasmid SK+ HBe. Four oligonucleotide primers 

vector titering. 35 are used for the 3 PCR reactions performed to correct the 

Construction of this type of titering cassette is as follows. deletion. 

Briefly, pSV-P-galactosidase vector (Promega Corp., The first reaction utilizes two primers. The sense primer 

Madison, Wis.) is digested with the enzyme Hind HI and sequence corresponds to the nucleotide sequence 1,805 to 

blunt-ended as described above. The plasmid is further lj82 7 of the adw strain and contains two Xho I restriction 

digested with the enzymes Bam HI and Xmn I to remove the 40 sites at me 5. end . ^ nucleotide sequence numbering is 

LacZ gene, and reduce the size of the remaining fragment obtained ^ Ge nbank (intelligent, Inc., Mountain View, 

The 3737 nt fragment, containing the LacZ gene, is purified „ x 

m a 1% agarose gel and ligated into pcDNA3 pnvitrogen, } _ rArnrrAr rnA nrA rnA nrA Tro 

San Diego, CahX) that has been digested with the enzymes 5 CTC G AG crc GAG GCA CCA GCA CCA TGC 

Bam HI and Eco RV. The new plasmid construct is known 45 AAC TrT ri ' y ( SE Q 10 N0.92) 

as pcDNAaLacZ. This plasmid is digested with the enzyme The second primer sequence corresponds to the anti-sense 

Apa I, bhint-ended as above, and further digested with the nucleotide sequence 2,158 to 2,130 of the adw strain of 

enzyme Xho I. Plasmid pSKSINBV (described previously) hepatitis B virus, and includes codons 79, 84 and 85. 

is digested with Sac I, blunt-ended as before, and then 5'-CTA CTA GAT CCC TAG ATG CTG GAT C1T CC-3' 

digested with Xho L The resulting 146 nt fragment contain- (SEQ. ED NO.93) 

ing the Sindbis 3* replicase recognition sequence is purified The second reaction also utilizes two primers. The sense 

in a 1.2% agarose gel, ligated into the digested pcDNAa- prinier corresponds to nucleotide sequence 2,130 to 2,158 of 

LacZ vector. The re-ligated construct contains an antisense me adw stra i D) and includes codons 79, 84 and 85. 

LacZ gene and a 3' Sindbis replicase protein recognition „ nnA AnA ~™ Ann atc tap rr\ ty-t apt 

sequence downstream from a CMV promoter. TheTSulting 5 £ J^ a^ 

construct is known as pcDNAaLacZ-3'Sin. The construct is 55 AG * 3 V»U ; ID NU.94) . 

transfected into BHK cells and utilized as described previ- . The P™"" corresponds to the anti-sense nucle- 

ous |y otide sequence from SK+ plasmid polylinker and contains a 

B. GENERATION OF A CELL LINE WHICH Qa I site 135 bp downstream of the stop codon of the HBV 

EXPRESSES FUNCTIONAL LUCIFERASE PROTEIN precore/core coding region. 

UNDER THE CONTROL OF SINDBIS NONSTRUC- 60 5 -GGG CGA TAT CAA GCT TAT CGA TAC CG-3' 

TURAL PROTEINS. (SEQ. ID NO.95) 

An alternate reporter for a titering construct based upon The third reaction also utilizes two primers. The sense 

the sense configuration of the reporter gene and requiring the primer corresponds to nucleotide sequence 5 to 27 of the 

nonstructural proteins for expression utility is hiciferase. adw strain, and contains two Xho I restriction sites at the 5* 

Again, the non-structural proteins are supplied in trans by 65 end. 

the Sindbis vector preparation being titered. To generate this 5*- CTC GAG CTC GAG GCA CCA GCA CCA TGC 

construct, pELVIS-luc is digested with Eco 47 III and Hpa AAC TIT TT (SEQ. ID N0.92) 
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The second primer sequence corresponds to the anti-sense The first reaction utilizes two primers. The sense primer 

nucleotide sequence from the SK+ plasmid polylinker and corresponds to the nucleotide sequence for the T-7 promoter 

contains a Cla I site 135 bp downstream of the stop codon 0 f SK+HBe plasmid. 

of the HBV precore/core coding region. _ 

5-GGG CGA TAT CAA GCT TAT CGA TAC CG-3' 5 5 _AAr ACG ACT CAC TAF AGG G " 3 (SEQ ™ N ° 

(SEQ. ID N0.96) ^ 

The first PCR reaction corrects the deletion in the anti- The second primer corresponds to the anti-sense sequence 

sense strand and the second reaction corrects the deletion in 2,158 to 2,130 of the adw strain, and includes codons 79, 84 

the sense strands. PCR reactions one and two correct the and 85. 

mutation from CC to CCA which occurs in codon 79 and a 1(J 5'-CTA CTA GAT CCC TAG ATG CTG GAT CTT CC-3* 

base pair substitution from TCAto TCT in codon 81. Primer (SEQ. ID NO. 98) 

1 contains two consecutive Xho I sites 10 bp upstream of the The second reaction utilizes two primers. The anti-sense 

ATG codon of HBV e coding region and primer 4 contains priiner corresponds to the nucleotide sequence for the T-3 

a Cla I site 135 bp downstream of the stop codon of HBV tef t m SK+UBc plasmkL 

precore/core coding region. The products of the first and „, A ' A Ajr> jr> _ . „ m 

second PCR regions ale extended in a third PCR reaction 15 5'-3': ATT AAC CCT CAC TAA AG (SEQ. ID NO. 99) 

to generate one complete HBV precore/core coding region The second P™ 61 " corresponds to the sense nucleotide 

with the correct sequence. sequence 2,130 to 2,158 of the adw strain, and includes 

The PCR reactions are performed using the following codons 79, 84 and 85. 

cycling conditions: The sample is initially heated to 94° C. 5*-GGA AGA TCC AGC ATC TAG GGA TCT AGT 

for 2 minutes. This step, called the melting step, separates 20 AG-3' (SEQ. ID NO. 100) 

the double-stranded DNA into single strands for synthesis. The third reaction utilizes two primers. The anti-sense 

The sample is then heated at 56° C. for 30 seconds. This primer corresponds to the nucleotide sequence for the T-3 

step, called the annealing step, permits the primers to anneal promoter present in SK+HBe plasmid. 

to the single stranded DNA produced in the first step. The y ArT AAC ccr CAC TAAAG .y (SEQ. ID NO. 101) 

sample is then heated at 72 C for 30 seconds. This step, 25 ^ ^ to me m sequence of 

called the extension step syntoesizes the complementary me T . ? lef t m ^ SK+HRe lasmid 

strand of the single stranded DNA produced in the first step. _ A _ * _ , _ 

As e condmeltm^tepisperformedat94«C.for30secon%, 5 ^^ G CAC AGGOG-3 (SEQ. ID 

followed by an annealing step at 56° C. For 30 seconds _ r^r 2 ' , . . . „ . 

which is followed by an extension step at 72° C. for 30 30 The PCR product from the third reaction yields the correct 

seconds. This procedure is then repeated for 35 cycles sequence for HBV precore/core coding region, 

resulting in the amplification of the desired DNA product. T° "f* 6 coda S. a P nmer " 

The PCR reaction product is purified by 1.5% agarose gel to mtro ^ uce »» 1 restriction site upstream of the ATG 

electrophoresis and transferred onto NA 45 paper start ^ '° f lt f mK **** W >™ d eliminate the 29 

(Schleicher and Schuell, Keene, N.H.). The desired 787 bp 35 ammo »" d j eade J sequence of the HBV precore coding 

DNAfragment is eluted from the NA45 paper by incubating re 8? n - ! " a ™* on ' *» ™ V coding region is 

for 30 minutes at 65" C. in 400 1 high salt buffer (1.5M Nad, PJ°* , ? d I"* me rcR P roduct ^ the thnd reactwn and 

20mMTris,pH8.0,and0.1mMEDTA).FoUowiiigeluUo n , the followmg two primers. 

500 (A of pheDol:chloroform:isoamyl alcohol (25:24:1) is , J"f ^ J™" co f res P 0 ? ds «° me nucleotidesequence 

added to the solution. The mixture is vortexed and then 40 1^ to 1,905 of the adw stram and contains two Xho I sites 

centrifuged 14,000 rpm for 5 minutes in a Brinkmann at e 

Eppendorf centrifuge (5415L). The aqueous phase, contain- 5 -CCT CGA GCT CGA GCT TGG GTG GCTTTG GGG 

ing the desired DNA fragment, is transferred to a fresh 1.5 CAT G-3' (SEQ. ID NO.103) 

ml microfuge tube and 1.0 ml of 100% EtOH is added. This second primer corresponds to the anti-sense nucie- 

solution is incubated on dry ice for 5 minutes, and then 45 ot ide sequence for the T-3 promoter present in the SK+HBe 

centrifuged for 20 minutes at 10,000 rpm. The supernatant plasmid. Hie approximately 600 bp PCR product from the 

is decanted, and the pellet is rinsed with 500 1 of 70% EtOH. fourth PCR reaction contains the HBV core coding region 

The pellet is dried by centrifugation at 10,000 rpm under and novel Xho I restriction sites at the 5* end and Cla I 

vacuum, in a Savant Speed-Vac concentrator, and then restriction sites at the 31 end that was present in the 

resuspended in 10 1 deionized H 2 0. One microliter of the 50 multicloning site of SK+HBe plasmid. 

PCR product is analyzed by 1.5% agarose gel electrophore- 5-ATF ACC CCT CAC TAA AG-3' (SEQ. ID NO.104) 

sis. The 787 Xho I-Qa I precore/core PCR amplified frag- Following the fourth PCR reaction, the solution is trans- 

ment is cloned into the Xho I-Cla I site of SK+ plasmid. This ferred into a fresh IS ml microfuge tube. Fifty microliters 

plasmid is designated SK+HBe-c. E. coli (DH5 alpha, of 3M sodium acetate is added to this solution followed by 

Bethesda Research Labs, Gaithersburg, Md.) is transformed 55 500 /d of chloroform: isoamyl alcohol (24:1). The mixture is 

with the SK+HBe-c plasmid and propagated to generate vortexed and then centrifuged at 14,000 rpm for 5 minutes, 

plasmid DNA. The plasmid is then isolated and purified, The aqueous phase is transferred to a fresh microfuge tube 

essentially as described by Birnboim et al. (Nuc. Acid Res. and 1.0 ml 100% EtOH is added. This solution is incubated 

7:1513, 1979; see also Molecular Cloning: A Laboratory at -20° C. for 4.5 hours, and then centrifuged at 10,000 rpm 

Manual, Sambrook et al. (eds.), Cold Spring Harbor Press, 60 for 20 minutes. The supernatant is decanted, and the pellet 

1989). The SK+HBe-c plasmid is analyzed to confirm the rinsed with 500 ^1 of 70% EtOH. The pellet is dried by 

sequence of the precore/core gene (FIG. 4). centrifugation at 10,000 rpm under vacuum and then resus- 

2. ISOLATION OF HBV CORE SEQUENCE pended in 10 fA deionized HjO. One microliter of the PCR 

The single base pair deletion in plasmid SK+ HBe is product is analyzed by 15% agarose gel electrophoresis, 

corrected by PCR overlap extension as described above in 65 The approximately 600 bp Xho I-Cla I HBV core PCR 

Example 13B. Briefly, four oligonucleotide primers are used fragment is cloned into the Xho I-Cla I site of SK + plasmid. 

for the PCR reactions performed to correct the mutation. This plasmid is designated SK+HBc. 
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3. ISOLATION OF HB V X ANTIGEN Pittsburgh, Pa.) or by freeze thawing three times. Lysates are 
A 642 bp Nco I - Taq I fragment containing the hepatitis clarified by centrifugation at 10,000 rpm for 5 minutes. 

B virus X open reading frame is obtained from the pAM6 Core antigen and precore antigen in cell lysates and 

plasmid (adw) (ATCC 45020), blunted by Klenow fragment, secreted e antigen in culture supernatant are assayed using 

and ligated into the Hinc U site of SK* (Stratagene, La Jolla, 5 the Abbott HBe, rDNA E1A kit (Abbott Laboratories Diag- 

Calif.). E, coli (DH5 , Bethesda Research Laboratories, nostic Divis^ Chicago, 111.). Another sensitive EIA assay 

Gaithersburg, Md.) is transformed with the ligation reaction for precore ^ gGn in ^ lysates ^6 secreted e antigen in 

and propagated. culture supernatant is performed using the Incstar ETI-EB 

Since mis fra^nent can be inserted in either orientation MQnctoi Corporation, Stillwater, Minn.). A standard curve 

clones are selected that have the sense orientation with ■ » j c_ ... . - ,. ' , lV . _ 

. vn » i g-<n w - , . 10 is generated from dilutions or recombinant hepatitis B core 

respect to the Xho I and Cla I sites m the SK multicloning 5 . . . , f n , *, . , - 

site LMore specifically, miniprep DNAs are digested with the ™ Xl & D ob ^Jf m Blo S? n (^ cneva » Switzerland), 

diagnostic restriction enzyme, Bam HI. Inserts in the correct * " ^^J??* ^ procedures 

orientatioD yield two fragments of 3.0 Kb and 0.6 Kb in size. malel y 100-200 ng/ml HBV e antigen is expressed in the 

Inserts in the incorrect orientation yield two fragments of 3.6 0611 lvsates * nd 300-400 ng/ml HBV e antigen is secreted 

Kb and 0.74 Kb. Aclone in the correct orientation is selected 15 fr° m BHK cells infected with the Sin BV HB e vector, 

and designated SK-X Ag. As shown in FIG. 17, using these procedures, approxi- 

4. CONSTRUCTION OF SINDBIS VECTORS EXPRESS- mately 40 ng/ml HBV core antigen is expressed in the cell 
ING HBVE, HBV CORE AND HBV X lysates from 10 6 BHK cells infected with the Sin BV 

Construction of a Sindbis vector expressing the HBVe HBcore. Mouse fibroblast cells infected with the recombi- 
sequence is accomplished by digesting the SK""HB e-c 20 cant HBcore Sindbis vector express 6-7 fold higher HBV 
plasmid with Xho I and Xba I to release the cDNA fragment core protein levels than the recombinant HBcore retroviral 
encoding HBVe-c sequences. The fragment is then isolated vector transduced cells (WO 93/15207). As shown in FIG. 
by agarose gel electrophoresis, purified by 18, using these procedures, approximately 12-14 ng/ml 
GENECLEAN™, and inserted into pKSSINBV (see HBV core antigen is expressed in the cell lysates from 10 6 
Example 3), prepared by digestion with Xho I and Xba I, and 25 L-M(TK-) cells infected with the SinBVHBcore vector as 
treated with CIAP. This vector is designated pKSSIN-HBe. compared to the approximately 2 ng/ml HBV core antigen 
Similar vectors may also be made from other Sindbis vectors expressed from recombinant HBcore retroviral vector trans- 
described in Example 3, such as, for example, ducer cells. 

pKSSINdlJRsjrc, pKSSINdlJRsjrPC, pKSSINdlJRsjrNP 2. I MMUNOPRECIPITATI ON/WESTERN BLOT 

(7582-7601) and pKSSINdlJRsexjr. 30 Characterization of the precore/corc and e antigens 

Construction of a Sindbis vector expressing the HBV core expressed by vector infected cells is performed by immu- 

sequence is accomplished by digestion of plasmid SK+HBc noprecipitation followed by Western blot analysis, 

(described above) with Xho I and Xba I. The HBc fragment Specifically, 0.5-1.0 ml of cell lysate in PBS or culture 

is isolated by agarose gel electrophoresis, purified by supernatant is mixed with polyclonal rabbit anti-hepatitis B 

GENECLEAN™ and ligated into pKSSINBV at the Xho I 35 core antigen (DAKO Corporation, Carpinteria, Calif.) bound 

and Xba I sites. This Sindbis- HBc vector is designated to protein G-Seph arose (Pharmacia LKB, Uppsala, Sweden) 

pKSSIN-HBc. and incubated overnight at 4° C. Samples are washed twice 

Construction of a Sindbis vector expressing the HBV-X in 20 raM Tris-HCl, pH 8.0, 100 mM NaCl, 10 mM EDTA 
antigen sequence is accomplished by digesting the plasmid and boiled in sample loading buffer with 0.5% 
SK-X Ag with Xho I and Xba I to release a cDNA fragment 40 2-mercaptoethanol. Proteins are first resolved by SDS poly- 
encoding HBV-X sequences. The fragment is isolated by acrylamide gel electrophoresis, and then transferred to 
agarose gel electrophoresis, purified using Immobilon(Millipore Corp., Bedford, Me.) and probed with 
GENECLEAN™, and inserted into pKSSINBV, p re-treated the DAKO polyclonal rabbit anti-hepatitis B core antigen, 
with Xho I and Xba I enzymes. This Sindbis-HBx vector is followed by 125 l-protein A. 
designated pKSIN-HBx. 45 E. TESTING IMMUNE RESPONSE 

The above Sindbis HBV expressing vectors may also be 1. CYTOTOXICITY ASSAYS 

modified to coexpress a selectable drug resistance marker (a) Inbred Mice 

dependent on the requirements of the experiment or treat- Six- to eight-week-old female C3H/He mice (Charles 

ment of the vector infected cells. In particular, any of the River, Mass.) are injected twice intraperitoneally (i.p.) at 1 

above Sindbis HBV expression vectors described may also 50 week intervals with lxlO 6 of Sindbis HBe or HBCore 

be designed to coexpress G418 resistance. This is accom- vector. Animals are sacrificed 7 or 14 days later and the 

plished by incorporating an internal ribosomal entry site splenocytes (3xl0 6 /ml) cultured in vitro with their respec- 

(Example 5) followed by the bacterial neomycin pbospho- live irradiated (10,000 rads) retroviral vector transduced 

transferase gene placed 3' of the HBV coding sequences and cells (6x10* /ml) (WO 93/15207) in T-25 flasks (Corning, 

5* of the terminal 3* end of the vector using the multiple 55 Coming, N.Y.). Culture medium consists of RPM1 1640,5% 

cloning site of the vector. These G418 resistant vector heat-inactivated fetal bovine serum, 1 mM sodium pyruvate, 

constructs can be used for selecting vector infected cells for 50 ug/ml gentamycin and 10~ S M 2-mercaptoethanol (Sigma, 

the generation of HBV specific CTL targets in the following SL Louis, Mo.). Effector cells are harvested 4-7 days later 

sections. and tested using various cffectontarget cell ratios in 96 well 

D. EXPRESSION IN INFECTED CELLS WITH SINDBIS 60 microliter plates (Corning, Corning, N.Y.) in a standard 

VECTORS chromium release assay. Targets are the retroviral vector the 

1. ELISA retroviral vector transduced L-M(TK~) cells (ATCC No. 

Cell lysates from cells infected by any of the HBV CCL 13) whereas the non-transduced syngeneic cell lines 

expressing vectors are made by washing l.OxlO 7 cultured are used as negative controls. CTL targets may also be 

cells with PBS, resuspending tie cells to a total volume of 65 generated by infecting syngeneic cells with the Sindbis HBe 

600 /d in PBS, and sonicating for two 5 -second periods at a or HBcore vector coexpressing the G418 resistance marker, 

setting of 30 in a Branson sonicator, Model 350 (Fisher, Infected cells are then selected using 800 g/ml G418 for two 
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weeks. Specifically, Na2 51 Cr0 4 -labeIed (Amersham, Arling- mM non-essential amino acids. Infected LCL cells are 

ton Heights, IU.XIOO uCi, 1 hour at 37° C) target cells selected by adding 800 fig/m\ G418. The Jurkat A2/K* cells 

(lxlO 4 cells/well) are mixed with effector cells at various (L. Sherman, Scripps Institute, San Diego, Calif.) are 

effector to target cell ratios in a final volume of 200 pL infected essentially as described for the infection of LCL 

Following incubation, 100 ul of culture medium is removed 5 cells, 
and analyzed in a Beckman gamma spectrometer (Beckman, (d) Human CTL assays 

Dallas, Tex.). Spontaneous release (SR) is determined as Human PBMC are separated by Ficoll (Sigma, St. Louis, 

CPM from targets phis medium and maximum release (MR) Mo.) gradient centrifiigation. Specifically, cells are centri- 

is determined as CPM from targets plus 1M HQ. Percent £gj * 3 '°°° at room _ temperature fox -5 minutes. The 

target cell lysis is calculated as: [(Effector ccll+target CPM) 10 T^^T^ ^ 

/r 6 nX/Aln ; /CTJVI tnrt c # LV , , , ' retroviral vector transduced (WO 93/15207) LCL or HLA- 

-(SR)/(MRHSR) xlW^n^us release values of tar- matcbed ^ at an ratio of for 10 days. 

gets are typically 109^-20% of the MR. Culture medium consists of RPMI 1640 with prescreened 

For certain CTL assays, the effectors may be in vitro lots of 5% heal _ iMCtivatod feta i bovine serum, 1 mM 

stimulated multiple times, for example, on day 8-12 after pyruvate and 50 ^g/ml gentamycin. The resulting 

the primary in vitro stimulation. More specifically, 10 is stimulated CTL effectors are tested for CTL activity using 

effector cells are mixed with 6x10 s irradiated (10,000 rads) Sindbis vector infected autologous LCL or HLA-matched 

stimulator cells, and 2xl0 7 irradiated (3,000 rads) "filler" cells as targets in the standard chromium release assay, 

cells (prepared as described below) in 10 ml of "complete" Example 13 l.a. Since most patients have immunity to EBV, 

RPMI medium. (RPMI containing: 5% heat inactivated the non-transduced EBV- transformed B -cells (LCL) used as 

Fetal Bovine Serum, two mM I^glutamine, 1 mM sodium 20 negative controls, will also be recognized as targets by 

pyruvate, IX non essential amino acids, and 5xl0- s M EBV-specific CTL along with the transduced LCL. In order 

2-mercaptoetbanol). Stimulator cells for in vitro stimulation to reduce the high background due to killing of labeled target 

of effector cells are generated from irradiated retroviral cells by EBV-specific CTL, it is necessary to add unlabeled 

vector transduced (10,000 rads) I^M (TK-) cells. "Filler" non-transduced LCL to labeled target cells at a ratio of 50:1. 

cells are prepared from naive syngeneic mouse spleen cells 25 2. DETECTION OF HUMORAL IMMUNE RESPONSE 

resuspended in RPMI, irradiated with 3,000 rads at room Humoral immune responses in mice specific for HBV 

temperature. Splenocytes are washed with RPMI, centri- core and e antigens are detected by ELISA. The ELISA 

fuged at 3,000 rpm for 5 minutes at room temperature, and protocol utilizes 100 /ig/well of recombinant HBV core and 

the pellet is resuspended in RPMI. The resuspended cells are recombinant HBV e antigen (Biogen, Geneva, Switzerland) 

treated with 1.0 ml tris-ammonium chloride (100 ml of 0.17 30 to coat 96-well plates. Sera from mice immunized with 

M tris base, pH 7.65, phis 900 ml of 0.155 M NH 4 C1; final vector expressing HBV core or HBV e antigen are then 

solution is adjusted to a pH of 7.2) at 37° C. for 3-5 minutes. serially diluted in the antigen-coated wells and incubated for 

The secondary in vitro restimulation is then cultured for 5-7 1 to 2 hours at room temperature. After incubation, a mixture 

days before testing in a CTL assay. Any subsequent restimu- of rabbit anti-mouse IgGl, IgG2a, IgG2b, and IgG3 with 

lations are cultured as described above with the addition of 35 equivalent titers is added to the wells. Horseradish peroxi- 

2- 10 U of recombinant human IL-2 (200 U/ml, catalog dase (" HRP')-conj u gated goat anti-rabbit anti-serum is 
#799068, Boehringer Mannheim, W. Germany). added to each well and the samples are incubated for 1 to 2 

Using these procedures, it can be shown that CTLs to hours at room temperature. After incubation, reactivity is 

HBV e antigen can be induced. visualized by adding the appropriate substrate. Color will 

(b) HLA A2.1 Transgenic Mice 40 develop in wells that contain IgG antibodies specific for 
Six- to eight-week-old female HLAA2.1 transgenic mice HBV core or HBV e antigen. 

(V. Engelhard, Charlottesville, Va.) are injected twice intra- 3. T CELL PROLIFERATION 

peritoneally (i.p.) at one week intervals with l.OxlO 6 pfu of Antigen induced T-helper activity resulting from two or 

Sindbis vector expressing HBe or HBcore. Animals are three injections of Sindbis vector expressing HBV core or e 

sacrificed 7 days later and the splenocytes (3xl0 6 /ml) cul- 45 antigen, is measured in vitro. Specifically, splenocytes from 

hired in vitro with irradiated (10,000 rads) retroviral vector immunized mice are restimulated in vitro at a predetermined 

transduced Jurkat A2/K* cells (WO 93/15207), or with ratio with cells expressing HBV core or e antigen or with 

peptide coated Jurkat A2/K 6 cells (6xl0 4/ ml) in flasks (T-25, cells not expressing HBV core or e antigen as a negative 

Corning, Corning, N.Y.). The remainder of the chromium control. After five days at 37° C. and 5% C0 2 in RPMI 1640 

release assay is performed as described in Example 13E La, so culture medium containing 5% FBS, 1.0 mM sodium pyru- 

where the targets are transduced and non-transduced EL4 vate and 10~ 5 2-mercaptoethanol, the supernatant is tested 

A2/K b (WO 93/15207) and Jurkat A2/K* cells. Non- for IL-2 activity. 11^2 is secreted specifically by T-helper 

transduced cell lines are utilized as negative controls. The cells stimulated by HBV core or e antigen, and its activity is 

targets may also be peptide coated EL4 A2/K* cells. measured using the CTL clone, CTLL-2 (ATCC TIB 214). 

(c) Transduction of Human Cells With Vector Construct 55 Briefly, the CTLL-2 clone is dependent on IL-2 for growth 
Lymphoblastoid cell lines (LCL) are established for each and will not proliferate in the absence of IL-2. CTLL-2 cells 

patient by infecting (transforming) their B-cells with fresh are added to serial dilutions of supernatant test samples in a 

Epstein-Barr virus (EBV) taken from the supernatant of a 96-well plate and incubated at 37° C. and 5%, C0 2 for 3 

3- week-old culture of B95-8, EBV transformed marmoset days. Subsequently, OS /*Ci 3 H-thymidine is added to the 
leukocytes (ATCC CRL 1612). Three weeks after EBV- 60 CTLL-2 cells. O^Ci 3 H-thymidine is incorporated only if 
transformation, the LCL are infected with Sindbis vector the CTLL-2 cells proliferate. After an overnight incubation, 
expressing HBV core or e antigen and G418 resistance. cells are harvested using a PHD cell harvester (Cambridge 
Vector infection of LCL is accomplished by infecting LCL Technology Inc., Watertown, Mass.) and counted in a Beck- 
cells with packaged alphavirus vector particles produced man beta counter. The amount of IL-2 in a sample is 
from the appropriaste cell line The culture medium consists 65 determined from a standard curve generated from a recom- 
of RPMI 1640, 20% heat inactivated fetal bovine serum bin ant IL-2 standard obtained from Boehringer Mannheim 
(Hyclone, Logan, UT), 5.0 mM sodium pyruvate and 5.0 (Indianapolis, Ind.). 



5,843,723 

133 134 

F. ADMINISTRATION PROTOCOLS by agarose gel electrophoresis, purified using 

1. MICE GENECLEAN™, and inserted into pVGELVIS-SINBV- 
(a) Direct Vector Administration linker vector, prepared by digestion with Xho I and Not I. 
The mouse system may also be used to evaluate the This construct is designated pVGELVIS-HBcore. 

induction of humoral and cell-mediated immune responses 5 Construction of the ELVIS vector expressing the HB V-X 

with direct administration of Sindbis vector encoding HBV antigen sequence is accomplished by digesting the plasmid 

core or e antigen. Briefly, six- to eight-week-old female SK-X Ag with Xho I and Not I to release the cDNA fragment 

C3H/He mice are injected intramuscularly (i.m.) with 0.1 ml encoding HBV-X sequences. The fragment is then isolated 

of reconstituted (with sterile deionized, distilled water) or *y agarose gel electrophoresis, P""fied u^ng 

intraperitoneally(ip)with 1.0ml of ivophnizedHBVcoreor 10 GENECLEAN, and inserted into the pVG^S-SINBV- 

: v ' r . . . linker vector, prepared by digestion with Xho I and Not I. 

HBV e expressing Sindbis vector. Two mjectaons are given ^ ^^J^ designated pVGELVIS-HBX. 

one week apart. Seven days after me secondmjection, the ^ of thc ^ mree ^nstmcts can ^ ^ for 

animals are sacrificed. Chromium release CTL assays are ing vector m f ec ted cells for the generation of HBV specific 

then performed essentially as described in Example 13E l.a. ctl m me following sections. 

2. CHIMPANZEE ADMINISTRATION PROTOCOL 15 2 . EXPRESSION OF TRANSFECTED CELLS WITH 
The data generated in the mouse system described above ELVIS VECTORS 

is used to determine the protocol of administration of vector Th e pVGELVIS-HBe plasmid DNA is isolated and 

in chimpanzees chronically infected with hepatitis B virus. purified, and 2 ug of pVGELVIS-HBe DNA is complexed 

Based on the induction of HBV-specific CTLs in mice, the with 10 ul of LIPOFECTAMINE™ and transfected into 

subjects in chimpanzee trials will receive four doses of 20 2x10 s BHK cells contained in 35 mM petri plates. Two days 

vector encoding core or e antigen at 7 day intervals given in post-transfection, supernatants and whole cell lysates were 

two successively escalating dosage groups. Control subjects collected and an ELISA assay (see below) was used to 

will receive a placebo comprised of formulation media. The determine the amount of expressed HBV-e antigen, 

dosage will be either 10 7 or 10 s pfu given in four 1.0 ml Cell lysates from cells infected by any of the sibling 

injections i.m. on each injection day. Blood samples will be 25 pVGELVIS-HBe vectors transfected, are made by washing 

drawn on days 0, 14, 28, 42, 56, 70, and 84 in order to 1.0x10 s cultured cells with PBS, re suspending the cells to a 

measure serum alanine aminotransferase (ALT) levels, the total volume of 600 ul in PBS, and sonicating for two 

presence of hepatitis B e antigen, the presence of antibodies 5-second periods at a setting of 30 in a Branson sonicator, 

directed against the hepatitis B e antigen, serum HBV DNA Model 350 (Fisher, Pittsburgh, Pa.) or by freeze thawing 

levels and to assess safety and tolcrability of the treatment. 30 three times. Lysates are clarified by centrifugation at 10,000 

The hepatitis B e antigen and antibodies to HB e antigen is rpm for 5 minutes. 

detected by Abbott HBerDNAEIAkit (Abbott Laboratories Core antigen and precore antigen in cell lysates and 

Diagnostic Division, Chicago, 111.) and the serum HBV DNA secreted e antigen in culture supernatant are assayed using 

levels is determined by the Chiron bDNA assay. Efficacy of the Abbott HBe, rDNA EIA kit (Abbott Laboratories Diag- 

the induction of CTLs against hepatitis B core or e antigen 35 nostic Division, Chicago, HI.). Another sensitive EIA assay 

can be determined as in Example 13E I.e. for precore antigen in cell lysates and secreted e antigen in 

Based on the safety and efficacy results from the chim- culture supernatant is performed using the Incstar ET1-EB 

panzee studies, the dosage and inoculation schedule is kit (Incstar Corporation, Stillwater, Minn.). A standard curve 

determined for administration of the vector to subjects in is generated from dilutions of recombinant hepatitis B core 

human trials. These subjects are monitored for serum ALT 40 and e antigen obtained from Biogen (Geneva, Switzerland), 

levels, presence of HBV e antigen, the presence of antibod- As shown in FIG. 19, using these procedures, approxi- 

ies directed against the HBV e antigen and serum HBV DNA mately 2 ng/ml HBV e antigen is expressed in the cell 

levels essentially as described above. Induction of human lysates and also secreted from BHK cells transfected with 

CTLs against hepatitis B core or e antigen is determined as different clones of the p VG ELVIS HBe plasmid. 

in Example 13E l.c. 45 Characterization of the preco re/core and e antigens 

G. GENERATION OF ELVIS VECTOR CONSTRUCTS expressed by vector transfected cells is performed by immu- 
WHICH EXPRESS HBV ANTIGENS FOR THE INDUC- noprecipitation followed by Western blot analysis. 
IION OF AN IMMUNE RESPONSE Specifically, 05-1.0 ml of cell lysate in PBS or culture 
1. CONSTRUCTION OF ELVIS VECTORS EXPRESS- supernatant is mixed with polyclonal rabbit anti-hepatitis B 
ING HBVE-C HBV CORE AND HBV X 50 core antigen (DAKO Corporation, Carpinteria, Calif.) bound 

Construction of an ELVIS vector expressing the HBV e to protein G-Sepharose (Pharmacia LKB, Uppsala, Sweden) 

antigen is accomplished by digesting the SK + HB e-c pi as- and incubated overnight at 4° C Samples are washed twice 

mid with Xho I and Not I to release the cDNA fragment in 20 mM Tris-HCl, pH 8.0, 100 mM NaCl, 10 mM EDTA 

encoding HBVe-c sequences. The fragment is then isolated and boiled in sample loading buffer with 0.5% 

by agarose gel electrophoresis, purified using 55 2-mercaptoethanol. Proteins are first resolved by SDS poly- 

GENE CLEAN™, and inserted into pVGELVIS-SINBV- aery lam ide gel electrophoresis, and then transferred to 

linker vector, previously prepared by digestion with Xho I Immobilon (Millipore Corp., Bedford, Me.) and probed with 

and Not I. This construct is designated pVGELVIS-HBe. the DAKO polyclonal rabbit anti-hepatitis core B antigen, 

The HBcore PCR product described previously is followed by I-protein A. 

digested with Xho I and Cla I, isolated by agarose gel 60 3. TESTING IMMUNE Response 

electrophoresis, purified using GENECLEAN™, and ligated (a) Administration Protocols 

into SK+II (Bluescript, Stratagene, Calif.) digested with The mouse model system is also used to evaluate the 

Xho I and Cla I. This construct is designated SK+HBcore. induction of humoral and cell-mediated immune responses 

Construction of the ELVIS vector expressing the HBV core following direct administration of ELVIS vector expressing 

sequence is accomplished by digesting the SK + HBcore 65 HBV core or e antigen. Briefly, six- to eight-week-old 

plasmid with Xho I and Not I to release the cDNA fragment female Balb/c, C57B1/6, C3H/He mice (Charles River, 

encoding HBVcore sequences. The fragment is then isolated Mass.) and HLA A2.1 transgenic mice (V. Engelhard, 
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Charlottesville, Va.) are injected intramuscularly (i.m.) colonies are then pooled 14 days later (dependent on the 
with, for example, 50 ug or greater, pVGELVlS-HBcore, selection marker used) and dihitioned cloned. Several dihi- 
pVGELVIS-HBVe or pVGELVIS-HBX vector DNA. Two tion clones are then propagated, and assayed for highest 
injections are given one week apart. Seven or fourteen days vector titer. The highest titer clones are then expanded and 
after the second injection, the animals are sacrificed. Chro- 5 stored frozen. The stored clones are tested for HIV specific 
mium release CTL assays are then performed essentially as protein production and immune response induction, 
described in Example 13E l.a. Detection of humoral C. TESTING FOR HIV SPECIFIC PROTEIN PRODUC- 
immune responses in mice is performed essentially as TION AND AN IMMUNE RESPONSE 
described in Example 13E 2 and detection of T cell prolif- Cell lysates from the Sindbis HIV producer cell line are 
era tion in mice is performed essentially as described in 10 tested for HIV specific protein production by Western blot 
Example 13E 3. analysis. To test the ability of the vector to transfer expres- 
sion in vitro, BHK-21 cells are infected with filtered super- 
Example 14 natant containing viral vector and assayed by Western blot 

analysis 24 hours post infection. Once protein expression 

SINDBIS VECTORS EXPRESSING VIRAL 15 has been verified ^ ^ mouse ^ primate ^ be 

PROTEINS FOR INDUCTION OF THE IMMUNE performed to demonstrate the ability of syngeneic cells 

expressing a foreign antigen after vector treatment to: (a) 
elicit a CTL response in mice by injecting either infected 
syngeneic cells or preparations of infectious vector; (b) elicit 

The following example describes procedures for con- 20 CTL responses in a human in vitro culture system; (c) to 

structing Sindbis vectors capable of generating an immune infect human, chimpanzee and macaque cells, including 

response by expressing an HIV viral antigen. Methods are primary cells, so that these can be used to elicit CTL 

also given to test expression and induction of an immune responses and can serve as targets in CTL assays; (d) map 

response. immune response epitopes; and (e) elicit and measure CTL 

25 responses to other no n -HIV antigens such as mouse CMV 

SINDBIS VECTORS USED TO ELIOT AN (MCMV). 

IMMUNE RESPONSE 1. IMMUNE RESPONSE TO SINDBIS VIRAL VECTOR- 

A. HIV in ENV EXPRESSION VECTOR ENCODED ANTIGENS 

A 2.7 Kb Kpn I-Xho I DNA fragment was isolated from To test the immune response elicited from a cell line 

the HIV proviral clone BH10-R3 (for sequence, see Rawer 30 transduced with a Sindbis HIV BIB env vector, a murine 

et al., Nature 313:277, 1985) and a -400 bp Sal I-Kpn I DNA tumor cell line (B/C10ME) (H-2f) (Patek et al., Cell. Immu- 

fragment from IIlexE7deltaenv (a Bal31 deletion to nt 5496) noL 72:113, 1982) is infected with a recombinant Sindbis 

was ligated into the Sal I site in the plasmid SK*\ From this virus carrying the HIV IDB vector. The HIV env expressing 

clone, a 3.1 kb env DNA fragment (Xho I-Not I) was cell line (B/C10ME-MB) was then utilized to stimulate HIV 

purified and ligated into the previously described Sindbis 35 env-specific CTL in syngeneic (i.e., MHC identical) Balb/c 

vectors predigested with Xho I and Notl. (H-2^ mice. Mice are immunized by intraperitoneal injec- 

B. CREATION OF A PRODUCER CELL LINE WHICH tion with B/C10ME-BIB cells (IxlO 7 cells) and boosted on 
EXPRESSES HIV SPECIFIC ANTIGENS day 7-14. (Boosting may not be required.) Responder spleen 

To construct a vector producing cell line that expresses the cell suspensions are prepared from these immunized mice 

HIV IDB env derived from the vector described above, in 40 and the cells cultured in vitro for 4 days in the presence of 

vitro transcribed RNA transcripts are transfected in a Sindbis either B/C10ME-IIIB (BCenv) or B/C10ME (BC) 

packaging cell line (Example 7). Specifically, the Sindbis mitomycin-C-treated cells at a stimulatonresponder cell 

RNA vector molecules are initially produced by using a SP6 ratio of 1:50. The effector cells are harvested from these 

in vitro transcribed RNA polymerase system used to tran- cultures, counted, and mixed with radiolabeled ( 51 Cr) target 

scribe from a cDNA Sindbis vector clone encoding the HIV 45 cells (i.e., B/C10MEenv-29 or B/C10ME) at various effec- 

specific sequences. The generated in vitro RNA vector tontarget (E:T) cell ratios in a standard 4-5 hour 51 Cr- 

products, are then transfected into a Sindbis packaging or release assay. Following incubation, the microtitre plates are 

hopping cell line which leads to the transient production of centrifuged, 100 p\ culture supemate is removed, and the 

infectious vector particles within 24 hours. These vector amount of radiolabel released from lysed cells quantitated in 

particles are then collected from the supernatants of the cell 50 a Beckman gamma spectrometer. Target cell lysis was 

line cultures and then filtered through a 0.45 micron filter to calculated as: % Target Lysis=Exp CPM - SR CPM/MR 

avoid cellular contamination. The filtered supernatants are CPM - SR CPMxlOO, where experimental counts per minute 

then used to infect a fresh monolayer of Sindbis packaging (Exp CPM) represents effectors phis targets; spontaneous 

cells. Within 24 hours of infection, Sindbis vector particles release (SR) CPM represents targets alone; and maximum 

are produced containing positive stranded Sindbis recombi- 55 release (MR) CPM represents targets in the presence of 1M 

nant RNA encoding Sindbis non-structural proteins and HIV HCI. 

specific sequences. 2. STIMULATION OF AN IMMUNE RESPONSE IN 

An alternative configuration of a Sindbis HIV IIIB env MICE BY DIRECT INJECTION OF RECOMBINANT 

vector is a promoter driven cDNA Sindbis construct con- SINDBIS VECTOR 

taming a selectable marker. In this configuration the above- 60 Experiments are performed to evaluate the ability of 

described Xho I to Notl fragment containing the specific recombinant Sindbis viral vectors to induce expression of 

HIV DIB env sequence is placed in a similar cDNA Sindbis HIV envelope proteins following direct injection in mice, 

vector driven by a constitutive promoter in place of a Approximately 10 4 to 10 s (pfii) of recombinant Sindbis 

bacteriophage polymerase recognition sequence. Using this virus carrying the HIV BIB env vector construct are injected 

configuration, the expression vector plasmids are transfected 65 twice (2x) at 3-week intervals either by the intraperitoneal 

into the packaging cell line and selected for the drug (i.p.) or intramuscular (i.m.) route. This amount of Sindbis 

resistance gene 24 to 48 hour post-transfection. Resistant virus is determined to be less than the amount considered to 
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stimulate an immune response. Spleen cells are prepared for SK + FTV env/rev/RRE plasmid with Xho I and Not I restric- 

CTL approximately 7 to 14 days after the second injection tion enzyme sites to release the cDNA fragment encoding 

of vector. FIV env/rev/RRE sequences. The fragment is then isolated 

D. BLOCKING AGENTS DERIVED FROM VIRAL PRO- b y agarose gel electrophoresis, purified by GENECLEAN™ 

TEIN ANALOGUES EXPRESSED FROM RECOMBI- 5 and inserted into the desired Sindbis vector backbone, 

NANT SINDBIS VECTORS prepared by digestion with Xho I and Not I. The Sindbis 

Many infectious diseases, cancers, autoimmune diseases, vec tors described in Example 3, are suitable for the insertion 

and other diseases involve the wteraction of viral particles of me my env/rcv/RRE sequences. Such Sindbis vectors 

with cells, cells with cells or cells with factors. In viral pK SSINBV, pKSSINdlJRsjrc, pKSSINdlJRsjrPC, 

infections viruses ™mm^ p KSSINlJRsjrNP(7582-760 1) and pKSSINdlJRsexjr. 

surface of susceptible cells. In cancers, cells may respond r _ , o- jl- m/ , mnr- * . 

inappropriately or not at all to signals from other cells or ™ e , ^ S ^ nV env/rev/RRE e^ressmg vectors 

factors In autoimmune disease, there is inappropriate rec- mav • ta > be T^f 10 °°e*Press a selectable drug resis- 

ognition of "self markers. These interactions may be tance malker dependent on the requirements of the expen- 

blocked by producing an analogue to either of the partners ment or «™tment of the vector infected cells. Any of the 

in an interaction, in vivo. 15 above Sindbis FIV env/rev/RRE expression vectors 

This blocking action may occur intracellularly, on the cell described may also be designed to coexpress for G418 

membrane, or extracelhilarly. The blocking action of a viral resistance. This is accomplished by 'incorporating an internal 

or, in particular, a Sindbis vector carrying a gene for a ribosomal entry site (Example 5) followed by the bacterial 

blocking agent, can be mediated either from inside a sus- neomycin phosphotransferase gene placed 3' of the FIV 

ceph^leceUorbysecretmgaversionoftheblockingprotein 20 env/rev/RRE coding sequences and 5' of the terminal 3* end 

to locally block the pathogenic interaction. of vccU}I *** multrol e clomn 8 s,te of the vector. 

tothecaseofHIV.thetwoagentsofinteracUonarethegp G418 resi ? t * m instructs can be used for 

120/gp 41 envelope protein and the CD4 receptor molecule. selecting vector m / ected ^ for ** feneration of FTV 

Thus, an appropriate blocker would be a vector construct env/rev/RRE specific CTL targets m the following sections, 

expressing either an HIV env analogue that blocks HIV » B - INFECTION OF FELINE CELLS WITH SINDBIS 

entry without causing pathogenic effects, or a CD4 receptor VECTOR EXPRESSING FIV 

analogue. The CD4 analogue would be secreted and would ENV/REV/RRE 

function to protect neighboring cells, while the gp 120/gp 41 ^ feline tadney cell line (CRFK) is grown in DMEM 

is secreted or produced only intracellularly so as to protect containing 10% FBS. CRFK cells are infected with the 

only the vector- containing cell. It may be advantageous to 30 Smdbis vector 85 described in Examples 3 and 7, and used 

add human immunoglobulin heavy chains or other compo- 10 show vector expression in feline cells using Western blot 

nents to CD4 in order to enhance stability or complement analysis. 

lysis. Delivery of a Sindbis vector encoding such a hybrid- C EXPRESSION OF INFECTED CELLS 

soluble CD4 to a host results in a continuous supply of a CeU lvsales from <* l]s infected b y an V of me nv env ' 

stable hybrid molecule. 35 rev/RRE expressing vectors are made by washing l.OxlO 7 

\fector particles leading to expression of HTV env ana- cultured cells with PBS, resuspending the cells to a total 

logues may also be constructed as described above. It will be volume of 600 ul in PBS > m( * sonicating for two 5-second 

evident to one skilled in the art which portions are capable P eriods at a ^""g of 30 m a Branson sonicator, Model 350 

of blocking virus adsorption without overt pathogenic side Pittsburgh, Pa.) or by freeze thawing three times, 

effects (Willey et al., J. Virol 62:139, 1988; Fisher et al., 40 *** cla "fied by centrifugation at 10,000 rpm for 5 

Science 233:655, 1986). minutes. 

Proteins are separated according to their molecular weight 

Example 15 (MW)by means of SDS polvacrvlamide gel electrophoresis. 

A. CONSTRUCTION OF FIV ENV/REV/RRE SINDBIS Proteins are then transferred from the gel to a IPVH 

VECTOR FOR THE INDUCTION OF AN IMMUNE 45 Immobilon-P membrane (Millipore Corp., Bedford, Mass.). 

RESPONSE The Hoefer HSI TTE transfer apparatus (Hoefer Scientific 

Sequences encoding the FIV env/rev/RRE gene are Instruments, Calif.) is used to transfer proteins from the gel 

amplified and isolated form plasmid pFIV-14-Petaluma to me membrane. The membrane is then probed with either 

(NIH Research and Reference Reagent Program, Maryland) CE4-13B1 or CE3-8, monoclonal antibodies directed 

using the following primers: The sense primer sequence has 50 against FIV env gplOO. The bound antibody is detected 

two consecutive Xho I restriction sites that are placed at the using 125 I-labeled protein A, which allows visualization of 

5' end at position 6020 of clone 34F10 (Talbott et al., PNAS me transduced protein by autoradiography. 

86:5743-5747, 1989): (SEQ. ID NO.105) D. TESTING CELLULAR IMMUNE RESPONSE 

5'-3*: CC CTC GAG CTC GAG GGG TCA CTG AGA 1. INBRED MICE 

AAC TAG AAA AAG AAT TAG 55 Six- to eight-week-old female Balb/c (H-2d), C57B1/6 

The antisense primer sequence is complementary to a (H-2b) and C3H/He (H-2k) mice (Charles River, Mass.) are 

sequence at position 9387 of clone 34F10. The 5' end of the injected twice intraperitoneally (i.p.) at 1 week intervals 

primer has a Not I site (SEQ.ID NO.106) with lxlO 6 pfu of Sindbis FIV env/rev/RRE vector. Animals 

5'-3 f :CC GCG GCC GC GTATCT GTG GGA GCC TCA are sacrificed 7 days later and the splenocytes pxlOVml) 

AGG GAG AAC 60 cultured in vitro with their respective irradiated (10,000 

The PCR product is then placed in the pBhiescript KSII+ rads) retroviral vector transduced syngeneic cells (WO 

plasmid (Stratagene, Calif.) and verified by DNAsequenc- 94/06921) (6xl0 4 /mi) in T-25 flasks (Corning, Corning, 

ing. This construct is designated pBluescript KSD+ FIV N.Y.). These transduced cells include the murine fibroblast 

env/rev/RRE. The Xho I-Not I fragment is then excised and cell lines BC10ME (H-2d) (ATCC No. TEB85), B16 (H-2b) 

inserted into the Sindbis backbone. 65 and L-M(TK-) (H-2k) (ATCC No. CCL 13). These cell lines 

Construction of a Sindbis vector expressing the FIV are grown in DMEM containing 4500 rag/L glucose, 584 

env/rev/RRE sequence is accomplished by digesting the mg/L L-glutamine (Irvine Scientific, Santa Ana, Calif.) and 



5,843,723 

139 140 

10% FBS (Gemini, Calabasas, Calif.). Culture medium gous PBMC, 10% bovine TCGF, and 25 U/ml of 11^2 in a 

consists of RPMI 1640, 5% heat-inactivated fetal bovine final volume of 200 ul of complete RPMI. Complete RPMI 

serum, 1 mM sodium pyruvate, 50 g/ml gentamycin and consist of RPMI 1640 medium containing 10% FBS, 2mM 

10" 5 M 2-mercaptoethanol (Sigma, St. Louis, Mo.). Effector L-glutamine, 5xl0" 5 M 2-mercaptoethanol, and 50 ug of 

cells are harvested 4-7 days later and tested using various 5 gentamycin per ml. Clones are expanded sequentially to 

effectontarget cell ratios in 96 well microliter plates 48-well and 24-well plates. After several weeks, cells are 

(Corning, Corning, N.Y.) in a standard chromium release transduced with retroviral vectors expressing FIV env/rev 

assay. Targets are the retroviral vector transduced syngeneic genes (WO 94/06921), and selected with G418. Expression 

cells (WO 94/06921) whereas the non-transduced syngeneic of these cell lines are monitored by Western blot analysis as 

cell lines are used as negative controls. CTL targets may also 10 in Example 15C. Cell lines expressing high levels of the 

be generated from infecting syngeneic cells with the Sindbis desired protein function as stimulators and targets in a 

FIV env/rev/RRE vector coexpressing the G418 resistance standard 51 Cr release assay as in Example 15 D 1. Effector 

marker. Infected cells are then selected using 800 ug/ml cells are recovered for the CTL assay from the peripheral 

G418 for two weeks. Specifically, Na^CrO^labeled blood mononuclear cells (PBMC) obtained following veni- 

(Amersham, Arlington Heights, Cl-XlOO uCi, 1 hour at 37° 15 puncture and Ficoll-sodium diatrizoate density gradient cen- 

C.) target cells (lxlO 4 cells/well) are mixed with effector trifugation. 

cells at various effector to target cell ratios in a final volume E. ADMINISTRATION PROTOCOLS 

of 200 /d . Following incubation, 100 ml of culture medium Six- to eight-week-old female Balb/C, C57B16 or C3H/ 

is removed and analyzed in a Beckman gamma spectrometer He mice are injected intramuscularly (i.m.) with 0.1 ml of 

(Beckman, Dallas, Tex.). Spontaneous release (SR) is deter- 20 reconstituted (with sterile deionized, distilled water) or 

mined as CPM from targets phis medium and maximum intraperitoneally (i.p.) with 1.0 ml of lyophilized FIV env/ 

release (MR) is determined as CPM from targets plus 1M rev/RRE expressing Sindbis vector. Two injections are given 

HCL Percent target cell lysis is calculated as: [(Effector one week apart. Seven days after the second injection, the 

cell+target CPM)-(SR)/(MR)-(SR)]xl00. Spontaneous animals are sacrificed. Chromium release CTL assays are 

release values of targets are typically 10%-20% of the MR. 25 then performed essentially as described in Example 13 D 1. 

For certain CTL assays, the effectors may be in vitro Felines are also injected intramuscularly (i.m.) with OS 

stimulated multiple times, for example, on day 8-12 after ml of reconstituted (with sterile deionized, distilled water) or 

the primary in vitro stimulation. More specifically, 10 7 intraperitoneally (i.p.) with 2.0 ml of lyophilized FIV env/ 

effector cells are mixed with 6x10 s irradiated (10,000 rads) rev/RRE expressing Sindbis vector. Two injections are given 

stimulator cells, and 2xl0 7 irradiated (3,000 rads) "filler^ 30 one week apart Seven days after the second injection, 

cells (prepared as described below) in 10 ml of "complete" PBMCs are withdrawn for the CTL assay. Chromium release 

RPMI medium. (RPMI containing: 5% heat inactivated CTL assays are then performed essentially as described in 

Fetal Bovine Serum. 2 mM L^glutamine, 1 mM sodium Example 13 D 2. 
pyruvate, IX non essential amino acids, and 5x10 s M 

2-mercaptoethanol). Stimulator cells for in vitro stimulation 35 Example 16 
of effector cells are generated from irradiated retroviral 
vector transduced syngeneic cells. "Filler" cells are prepared 
from naive syngeneic mouse spleen cells resuspended in 

RPMI, irradiated with 3,000 rads at room temperature. VECTORS USING TISSUE SPECIFIC 

Splenocytes are washed with RPMI, centrifuged at 3,000 40 CELLULAR RNA CONSTRUCTION OF 
rpm for 5 minutes at room temperature, and the pellet is 

resuspended in RPMI. The resuspended cells are treated ALFHAVTRUS TUMOR SPECIFIC EXPRESSION 

with 1.0 ml tris-arnmonium chloride (100 ml of 0.17 M tris VECTORS FOR THE TREATMENT OF 
base, pH 7.65, phis 900 ml of 0.155 M NH 4 C1; final solution 

is adjusted to a pH of 7.2) at 37° C for 3-5 minutes. The 45 COLORECTAL CANCER 
secondary in vitro restimulation is then cultured for 5-7 days A. CONSTRUCTION OF A RECOMBINANT SINDBIS 
before testing in a CTL assay. Any subsequent restimula- VECTOR (SIN-CEA) DEPENDENT ON THE EXPRES- 
tions are cultured as described above with the addition of SION OF THE CEA TUMOR MARKER 
2-10 U of recombinant human IL-2 (200 U/ml, catalog As described previously and shown diagrammatically in 
#799068, Boehringer Mannheim, W. Germany). 50 FIG. 20, the disabled junction loop out model is constructed 
2. FELINES with the junction region of the vector flanked by inverted 
Since the vectors are to be utilized for treating felines, an repeat sequences which are homologous to the RNA of 
assay demonstrating immunological efficacy in felines is choice. In this example, sequences from the CEA rumor 
needed. Hie following is a description of the generation of antigen cDNA (Beauchemin et al., Molec. and Cell Biol. 
the autologous T-cell lines needed for restimulator and target 55 7:3221, 1987) are used in the inverted repeats. To construct 
cells for the standard 51 Cr release assay (Brown et al., J. Vir. a CEA RNA responsive Sindbis vector, the junction region 
65:3359-3364, 1991). Briefly, peripheral blood mono- is preceded by two CEA anti-sense sequence domains (A 1 
nuclear cells (PBMC) are obtained following venipuncture and B 1 ) separated by a six base pair hinge domain. A single 
and Ficoll-sodium diatrizoate (Histopaque-1077; Sigma, St. twenty base pair CEA sense sequence (A2), which is 
Louis, Mo.) density gradient centrifugation. These PBMCs 60 complementary to Al, is placed at the 3' end of the junction 
are stimulated by 5 ugm/ml concanavalin A (Con A, Sigma) region. In choosing the correct Al and Bl antisense 
for three days, and maintenance in medium containing 25 sequences, the only two requirements are that they be 
U/ml human recombinant interleukin-2 (IL-2) (Boehringer specific for the targeted RNA sequence and that the anti- 
Mannheim Biochemicals, Indianapolis, Ind.) and 10% sense sequences hybridize to two RNA sequence domains 
bovine T-cell growth factor (TCGF). Cells are seeded into 65 separated by three nucleotides. This three nucleotide gap 
round bottom 96-well microliter plates at an average of 1 or will serve as a hinge domain for the polymerase to hop and 
03 cells per well with 5xl0 4 irradiated (3,000 rads) autolo- switch reading strands bridging the non-structural protein 
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domain of the vector to the junction region of the vector 
(FIG. 5). To construct such a configuration, two oligonucle- 
otides are synthesized complementing each other to create a 
fragment insert containing convenient restriction enzyme 
sites at the extreme 5* and 3' ends. The oligonucleotide 5 
fragment insert is then ligated into the Sindbis vector 
between the disabled junction region and the multiple clon- 
ing sites of the Sindbis vector. The sense oligonucleotide 
strand, from 5* to 3', should contain an Apa I restriction site, 
followed by the Al anti-sense domain, a six bp hinge 10 
domain, a Bl anti-sense domain, a synthetic junction region 
domain, and the A2 sense domain, followed by a Xho I 
restriction enzyme site. The following oligonucleotide 
sequence is used to design a CEA RNA responsive Sindbis 
vector. The nucleotide number sequence is obtained from is 
Beauchemin et al., Molec. and Cell Biol 13221, 1987. 
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B. CONSTRUCTION OF A SIN-CEA VECTOR AND 
PRODUCER CELL LINE EXPRESSING THYMIDINE 
KINASE (SIN-CEA/LK) 

A PGR amplified product containing the cDNA clone of 
the herpes simplex thymidine kinase ("HSVTK"), flanked 
with 5* Xho I and 3' NotI restriction enzyme sites is obtained 
using the pHSlTK3KB (Mcknight et al., Nuc. Acids Res. 
8:5949, 1980) clone as target DNA. Hie sequences for the 
primers used for the PCR amplification are obtained from 
published sequences (Wagner et al., PNAS 78:1442, 1981). 
The 1,260 base pair amplified product is then digested with 
Xho I and Notl ligated into the Xho I/NotI site of either the 
pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new 
plasmids are designated pCMV/SIN-CEA/HSVTK or 
pMET/SIN-CEA/HSVTK, respectively. 

C. CREATION OF CEA RNA DEPENDENT SINDBIS 
VECTOR PRODUCER CELL LINES 



5-3* CEA sense strand: 

CEA 618 CEA 589 

Apa 1 --- 

CGC GC G GGC CCT GT G ACA T TG AAT AGA GT G AGG G TC CTG 
TTG GG (SEQ. ID NO. 107) 

CEA 651 CEA 622 

• * * Synthetic 

A AAG G TT TCA CAT TT G TAG C TT GCT GTG TC A TTG C GA TCT 

CTA CG (SEQ. ID NO.108) 

CEA 599 CEA 618 
Junction Core * * * Xho I 

G TGG T CC TAA ATA GT T CAC CT ATT CAA TG T CAC A CT CGA 
GCC GG (SEQ. ID NO.109) 



The 5-3° CEA anti-sense strand is complementary to the 
above oligonucleotide. After both oligonucleotides are 
synthesized, the oligonucleotides are mixed together in the 
presence of 10 mM Mg, heated to 100° C. for 5 minutes and 
cooled slowly to room temperature. The oligonucleotide pair 
is then digested with the Apa I and Xho I restriction 
enzymes, mixed and ligated at a 25:1 molar ratio of insert to 
plasmid, pCMV-SIN or pMET-SIN predigested with the 
same enzymes. These constructs are designated pCMV/SIN- 
CEA and pMET/SIN-CEA, respectively. 
CONSTRUCTION OF A SIN-CEA VECTOR AND PRO- 
DUCER CELL LINE EXPRESSING GAMMA INTER- 
FERON (SIN-CEA/IFN) 

The human gamma interferon gene is subcloned from the 
retroviral vector plasmid pHu-EFN-y (Howard et al., Ann 
NY. Acad Sri. 716:167-187, 1994) by digesting with Xho 
I and Cla I. Hie resulting 500 bp fragment containing the 
coding sequences of y-IFN is isolated from a 1% agarose gel. 

Alternatively, the human y-IFN cDNA is derived from 
RNA isolated from PHA-stimulated Jurkat T cells by guani- 
dinium thiocyanate extraction followed by ultracentrifuga- 
tion through a CsCl gradient The RNA (Sigma, St. Louis, 
Mo.) is then reverse-transcribed in vitro and a gene-specific 
oligonucleotide pair is used to amplify ylFW cDNA by 
polymerase chain reaction using Taq polymerase. The PCR 
DNA was repaired with T4 DNA polymerase and Klenow 
and cloned into the Hinc II site of SK* plasmid (Stratagene, 
San Diego, Calif.) treated with CLAP. In the sense 
orientation, the 5* end of the cDNA is adjacent to the Xho I 
site of the SK + poly linker and the 3' end adjacent to the Notl 
site. The 512 base pair fragment encoding the human y-IFN 
molecule is placed into the Xho I/NoyI site of either the 
pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new 
plasmids are designated pCMV/SIN-CEA/IFN-Y or pMET/ 
SIN-CEA/IFN-y, respectively. 



Unlike the previous examples of creating producer cell 
35 lines (Example 7), it may be that only a single round of gene 
transfer into the packaging cell line is possible by vector 
transfection. Since these vectors will be disabled and pre- 
vented in the synthesis of full genomic vectors, re-infection 
of a fresh layer of Sindbis packaging cell lines will end in an 
40 aborted infection since these vectors are now dependent on 
the presence of the CEA RNA to become active. Higher 
titers may be achieved by dilution cloning transfected pro- 
ducer cell tines using the RT-PCR technique. 

Example 17 

45 REPLACEMENT GENE THERAPY USING RECOMBI- 
NANT ALPHAVIRUS VECTORS 

The following example describes the construction of 
alphavirus vectors capable of generating a therapeutic pro- 
tein. 

50 A- CONSTRUCTION OF A SINDBIS FACTOR VIII VEC- 
TOR 

Hemophilia A disease is characterized by the absence of 
Factor VIII, a blood plasma coagulating factor. Approxi- 
mately 1 in 20,000 males have hemophilia A in which the 
55 disease state is presented as a bleeding disorder, due to the 
inability of affected individuals to complete the blood clot- 
ting cascade. 

The treatment of individuals with hemophilia A is replace- 
ment with the Factor VIII protein. The only source for 

60 human Factor VIII is human plasma. In order to process 
human plasma for Factor VIII purification, human donor 
samples are pooled in lots of over 1000 donors. Due to the 
instability of the Factor VIII protein, the resulting pharma- 
ceutical products are highly impure, with an estimated purity 

65 by weight of approximately 0.04%. In addition, there is a 
serious threat of such infectious diseases as hepatitis B virus 
and the Human Immunodeficiency Vims, among others, 
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which contaminate the blood supply and can thus be poten- Science 256:794, 1992, and The Metabolic Basis of Inker- 

tially co-purified with the Factor VIII protein. tied Disease, 6th ed, Scriver et al., vol. 2, p. 1677.) 

The Factor VIII cDNA clone is approximately 8,000 bps. A glucocerebrosidase Sindbis vector is constructed as 

Insertion of the Factor VIII cDNA into pKSSINBV yields a follows. Briefly, a glucocerebrosidase (GQ cDNA clone 

vector/heterologous gene genomic size of approximately 5 containing a Xho the cDNA coding sequence site 5' and 3' 

15,830 bps. If the packaging of this large vector RNA into of the cDNA coding sequence is first generated. The clone 

particles is inefficient, the size of the insert can be decreased is generated by digesting pMFG-GC (Ohashi et al., PNAS 

further by eliminating the "B-domain" of the Factor VIII 89:11332, 1992) with Nco I, blunt-ending the termini with 

insert. It has been shown that the Factor VIII B-domain T4 DNA polymerase and dNTPs, ligating with Xho I linkers, 

region can be removed from the cDNA without affecting the and purifying the GC gene from a 1% agarose gel. The GC 

functionality of the subsequently expressed protein. fragment is subsequently digested with Xho I and ligated 

A Sindbis-Factor VIII vector is constructed as follows. with the desired Sindbis vector (for example, pKSSINBV) 

Factor VIII cDNA is obtained from clone pSP64-VIIl, an that has also been digested with Xho I. Packaging of the 

XTCC clone under the accession number 39812, containing Sindbis-glucocerebrosidase vector is accomplished by intra- 

a cDNA encoding the full-length human protein. pSP64-Vm 1C Action of vector RNA (for example, transfection of in vitro 

is digested with Sal I, the termini are blunted with T4 DNA 15 ^ BDSt ^f. ***** **% ™ y of me P^mZ cell lines 

rx)lymeraseand50uMofeachdNTP,andtheca.7700bp. des*r^ m Example 7^ 

fragment is electrophoreses in a 1% agarose/TBE gel and u *j ** S ^ blS ^jf ^ ^* Gh f° 0 ?; 

purified with GENECLEAN™. Tne Factor VIII cDN A SrT^-I^T ^7 convertible to plasmid 

F V . - . . • « . * _i 'a „o„„,oi*i DNA based-vectors which initiate vector replication and 

containing blunt ends is then ligated into pI^II3SIN M heterol expression for use in direct delivery or 

(Example 3) prepared by digestion with Hinc II, treated me cguMfeiunent of vec tor producer cell lines (see 

with CLAP, and purified from a 1% agarose gel. This plasmid Examples 3 and 7) 
is known as pF83'SIN. 

For insertion of Factor VIII into the various Sindbis Example 18 

vectors described in Example 3, plasmid pF83'SIN is „ c INHIBITION OF HUMAN PAPILLOMA VIRUS PATHO- 

H - t , ... Y . f j a K . J. * T ,-l ct . t . 25 GENICITY BY SEQUENCE^SPEQFIC ANTTSENSE OR 

digested with .fflol and a limited J Sac I digest and the RIB0ZYM£ MOLECULES EXPRESSED FROM SIND- 

resulting 7,850 bp fragment is isolated from a 0.7% agarose/ fiIS yj^jg VECTORS 

TBE gel. This Factor VTO-JSIN t ^ ai & men T o date, more man sixty types of human papmoma viruses 

mtoeachofmevectoislistedbelow . Pnortoir^rtionof this (jrpv), which have a pronounced tropism for cells of 

fragment the plasmios are prepared by digesUon with Xho I ^ imelial ori ^ ^ been ^ characteri2ed . 

and Sac I, treated with CIAP isolated by 1% ^nwOBE ^ ^ m a number of types 

gel electrophoresis, and purified with GENECLEAN™: which infect the human anogenitd tract. Tnis group of HPVs 

can be further subdivided into types which are associated 
with benign or with malignant proliferation of the anogenital 

35 tract. 

There are between 13,000 and 20,000 cervical cancer 
deaths per year in the U.S. In developing countries, cervical 
cancer is the most frequent malignancy, and in developed 
countries cervical cancer ranks behind breast, lung, uterus, 

40 and ovarian cancers. One statistic which especially supports 

„ fl c t , r _^ w rwf-w t\ilt a *l the notion that anogenital proliferation is a growing health 

Following insertion of the Factor VIII cDNA, these . . . t & . r l4 4 . , ^ * ^ 

vectors are des* ated* problem is that medical consultations for genital warts 

vccixtdiJT increased from 169,000 in 1966 to greater than 2 million in 

pKjSolNBV.ro 1988 

P KSSINdlJRsjrcF8 45 Several lines of evidence exist which link HPV to the 

pKSSINd 1 JRsjrPCF8 pathogenesis of cervical proliferative disease. A distinct 

P KSSINdlJRsjrNP(7^82-7,601)F8 subset of types, so called 4 low risk HPVs* , are associated 

pKSSINdlJRsexjrF8 with benign proliferative states of the cervix (e.g., HPV 6, 

respectively. 11, 43, 44), while another subset of types, the 'high risk 

Packaging of the Factor VIII cDNA containing vectors is 50 HPVs', are associated with lesions which may progress to 

accomplished by the transfection of packaging cell lines the malignant state (e.g., HPV 16, 18, 31, 33, 35, etc.). 

(described in Example 7) with in vitro transcribed vector/ Approximately 95% of cervical tumors contain HPV, with 

Factor VIII RNA. The efficiency of packaging is determined HPV type 16 or 18 DNA being found in about 70% of them, 

by measuring the level of Factor VIII expression in cells The frequency of HPV in the young sexually active 

infected with the packaged vector and compared to similar 55 female population appears to be quite high. Indeed, in a 

experiments performed with the pKSSIN-luc vector recent study of 454 college women, 213, or 46% were HPV 

described in Example 3. positive. Among the HPV positive group, 3% were HPV 

B. CONSTRUCTION OF A GLUCOCEREBROSIDASE 6/11 positive, and 14% were HPV 16/18 positive. Of these 

SINDBIS VECTOR 454 women, 33 (73%) had abnormal cervical proliferation, 

Gaucher disease is a genetic disorder that is characterized 60 as determined by cytology, 

by the deficiency of the enzyme glucocerebrosidase. This With regard to the design of antisense and ribozyme 

enzyme deficiency leads to the accumulation of glucocer- therapeutic agents targeted to HPV, there are important 

ebroside in the lysosomes of all cells in the body. However, parameters to consider relating to the HPV types to target 

the disease phenotype is manifested only in the (i.e., types associated with condyloma acuminatum or types 

macrophages, except in the very rare neuropathic forms of 65 associated with malignant cervical proliferation) and HPV 

the disease. The disease usually leads to enlargement of the expressed genes to target, including but not limited to, HPV 

liver and spleen and lesions in the bones. (For a review, see genes E2, E6, or E7. 



Vector 


Functional Junction Region (+/-) 


pKSSINBV 


+ 


pKSSlNdlJRsjrc 


+ 


pKSSINdlJRsjrPC 


+ 


pKSSENdlJRsjrNP(7482-7,601) 


+ 


pKSSINdlJRsaqr 


+ 
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In general, the expression of HPV genes is defined specificities to E6 mRNA is constructed. The HPV 16 

temporally in two phases, early (E) genes expressed prior to ribozyme moiety is first inserted into the plasmid vector 

viral DNA replication, and late (L) genes expressed after pKSH*; removal of the ribozyme therapeutic from the 

viral DNA replication. There are 7 early enzymatic HPV plasmid vector and insertion into the various Sindbis vector 

genes, and 2 late structural HPV genes. 5 backbones is accomplished via the unique ribozyme moiety 

Based on the discussion presented above, antisense/ terminal Cla I and Xba I restriction endonuclease sites, 

ribozyme therapeutics directed towards the HPV 6/11 The HRBZ is homologous to the HPV 16 E6 RNAfnts 

groups may be constructed which target the viral E2 gene. It 414.431) shown below 

seems possible ^ the E2 i f^J^ 1 ^ TTAACIGICAAAAGCCAC (SEQ.ID NO. 112) 
with regard to the HPV 16/18 group, by a mechanism of _ r| _ „„™ - . At , v r , ~ , • 4 , 
driving integration of the virus through inhibition of E2 10 ™^ is deigned to cleave after the T residue in the 
protein expression. Thus, it seems that the E6/E7 genes in TC1C hau P m ribozyme loop 5 substrate motif, shown 
HPV types 16/18 should be targeted direcdy. underlined above. Following cleavage, the HRBZ is 
Described below is the construction of antisense and recycled and able to hybridize to, and cleave, another 
ribozyme therapeutics into Sindbis virus vectors (described unspliced E6/E7 mRNA or the E6* spliced mRNA rad- 
io Example 2) specific for HPV type 16 E6 and E7 RNA. 15 ecule. 

Insertion of the HPV antisense and ribozyme moieties is Double-stranded HRBZ as defined previously (Hampel et 

between the Cla I and Xba I sites of the Sindbis vector. si., Nucleic Acids Research 18:299-304, 1990), containing a 

A. CONSTRUCTION OF AN HPV 16 E6/E7 ANTISENSE 4 base ' tetraloop' 3 and an extended helix 4, with specificity 
THERAPEUTIC for the HPV 16 E6 RNA shown above, is chemically 

The HPV 16 viral genomic clone, pHPV-16 (ATCC 20 synthesized and includes both the 5' and 3 1 ends, 

number 45113) is used as a template in a PCR reaction for respectively, Cla I and Xba I sites. The sequence of the 

the amplification of specific sequences from the viral E6/E7 chemically synthesized HPV 16 E6 HRBZ strands are 

genes. The HPV 16 antisense moiety is first inserted into the shown below: 

plasmid vector pKSII + ; removal of the antisense therapeutic jjpy 15 £g HRBZ, sense strand (5'-*3 f ): 

from the plasmid vector and insertion into the various 25 5^CGATGTGG CTITTAG ATGTTAAACCAG AG AA- 

Sindbis vector backbones is accomplished via the unique ACACACGGACTTCGGTC 

antisense moiety terminal Cla I and Xba I restriction endo- CGTGGTATATTAGCTGGTXW fSEQ ID NO 1 13) 

nuclease sites. Amplification of a portion of the HPV 16 16 E6 mR 7 antisense strand (5'^y): 

E6/E7 genes is accomplished with the primer pair shown 5'-CTAOATACCAGCTAATATACCACGGACCGAA- 

dc iow. 30 GTCCGTGTGTTCTCTGG 

otio^l^) (bUffer SCqUCnCC/Xba 1 SitC/HPV 16 DUCle " TTTAACATCTAAAAGCCACAT-3'(SEQ.ID NO. 

T fJ£*™^ In orier to form the double-stranded HPV 16 E6 specific 

(SEQ.pNO.110) HRBZ with Qa I and Xba I cohesive ends, equal amounts 

If^^™^ Sequcnce/Cla 1 tteNW 16 nucle " 35 of thc oligonucleotides are mixed together in 10 mM Mg 2 *, 

otides 759-738): heated at 95 <» c for 5 men c^ed slowly to room 

TATATATCG ATCCG AAG CGTAG AGTCACACT1G temperature to allow the strands to anneal. 

(SEQ.ID NO.lll) The double-stranded HPV 16 E6 HRBZ with Cla I and 

In addition to the HPV 16 E6/E7 complementary Xba I cohesive ends is first Hgated into the pKSn + plasmid 

sequences, both primers contain a five nucleotide 'buffer 40 vector, prepared by Question with Cla I and Xba I, treatment 

sequences' at their 5' ends for enicient enzyme digestion of with CLAP, and treatment with GENECLEAN™. This plas- 

the PCR amplicon products. Generation of the HPV 16 ^ ^ ^ p KSHPV16E6HRBZ. 

amplicon with the primers shown above is accomplished The HPV 16 antisense and hairpin ribozyme moieties are 

with the PCR protocol described in Example 4. It has been liberated &om their plasmid vectors, pKSaHPV16E6/E7 and 

shown previously that the E6/E7 mRNA in infected cervical 45 p KSHPV16E6HRBZ, respectively, by digestion with Cla I 

epithelia is present m three forms, unspliced and two spliced and xba I, purification by agarose electrophoresis and 

alternatives (E6* and E6**), one in which nucleotides GENECLEAN™, and insertion into the desired vector 

226-525 of E6 are not present in the mature message backbone, prepared by digestion with Qa I and Xba I, and 

(Smotkin et at, J. Virol 63:1441-1447, 1989). The region of treatment with CIAP. Several possible Sindbis vectors some 

complementary between the antisense moiety described here so of which are shown c^low, and whose detailed construction 

and the HPV 16 genome is viral nucleotides 201-759. Thus ^ described in Example 2, are suitable for the insertion of 

the antisense moiety will be able to bind to and inhibit the me HPV i 6 antisense and ribozyme therapeutic moieties: 
translation of the E6/E7 unspliced message and the spliced 

E6* and E6** spliced messages. 

The HPV 16 E6/E7 580 bp amplicon product is first 55 Vector Functional Junction Region (+/-) 

purified with GENECLEAN™, digested with the restriction 

enzymes Cla I and Xba I, and electrophoresed on a 1% pKSSiNBVdLTR + 

agarose/TBE gel. The 568 bp band is then excised from the pKSSlNdiJRsjr + 

gel, toe DNApurifiedwiroGENEClXAN™ and ligated into pKSSiNdiJRsjrPC + 

the pKSII + plasmid prepared by digestion with Cla I and 60 pKSSiNd3JRsjrNPC7582-760i) + 

Xba I, treatment with CIAP, and treatment with pKSSiNdJRsexjr + 

GENECLEAN™. This plasmid is known as 

pKSaHPV16E6/E7. Since the antisense and ribozyme therapeutic operate at 

B. CONSTRUCTION OF HPV 16 E6/E7 HAIRPIN the level of RNA, it is not necessary that the vectors 
RIBOZYME THERAPEUTICS 65 containing these moieties contain a functional junction 

In order to efficientiy inhibit the expression of HPV 16 E6 region. That is, translation of the region corresponding to the 

and E7 proteins, a hairpin ribozyme (HRBZ) with target Sindbis structural proteins occurs only from subgenomic 



Vector 


Functional Junction Region (+/-) 


15 


pKSSINdlJR£jrcAdE3 


+ 




pKSSINdlJRsjrcH301 


+ 
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RNA. However, because translation of the antisense and mammalian cell, including the expression of MHC antigens, 

hairpin ribozyme therapeutic is not an issue, these moieties the expression of several genes which modulate cell growth 

will exert their affect from the level of positive stranded control, and the resistance to viral infections (Pestka et al., 

Sindbis genomic vector RNA. Ann - Rev - Biochem. 56:727-777, 1987). Of the three classes 
On the other hand, it may be desired to administer 5 of tFNs, a, 0, and y-IFN, a- 1 FN, or leukocyte interferon, 

repeated doses to an individual; thus the antisense and has a ke Y role in limiting viral replication in the infected cell, 

hairpin palliative would be inserted downstream of the ^ antiviral effects of IFN-a are associated with the 

adenovirus E3 or human cytomegalovirus H301 genes, JJ^Ktion of two cellular enzymes which inhibit the viral 

which down-regulate the expression of MHC class I mol- If^^^T. Sun ?^Tf * !u ? 

i * • r • j « i J* r.u 4* stranded RNA dependent 68-kDa protein kinase that cata- 

ecules in infected cells. Insertion of the antisense and hairpin 10 , , , r . . - r , r 

„. . « . • « . « r ~ 1 lyzes the phosphorylation of the a subumt of the protein 

paUHtives is accomphshed in foe vectors fom Examples 3 fector eIF . 2 ^ / e 

and 4 shown below, between the Cla I and Xba I sues: by , FN . ^ 2 V>'-oligoadenylate synthetase (2'4'- 

OAS), which in the presence of double-stranded RNA 
activates the latent endonuclease, RNase L, which is respon- 
sible for degradation of viral and cellular RNAs (Johnston 
and Torrence, Interferons 3:189-298, Friedman (ed.), 
Elsevier Science Publishers, B.V., Amsterdam, 1984). 
Because their replication strategy includes a double- 
Subgenomic mRNA is synthesized in these vectors, which stranded RNA intermediate, the RNA viruses in particular 
serves as a translational template for the Ad E3 and CMV 20 *™ strong inducers of interferon. With regard to Sindbis 
H301 genes. Thus, in these constructions, functional HPV ^ double-stranded RNA molecules are present during 
16 antisense and hairpin ribozyme palliatives will be present lhe «pl«tioo of both positive- and ^ negaUve-stranded 

on the levels of both subgenomic and positive stranded S enome le^ ^ h 1> SATi eS, ^ ?™ g ^VaTT^Z 

. _. „ . „ v f A r subgenomic mRNA It has been demonstrated that infection 

genomic Sm^is vector RNA 25 of cells with Sindbis virus results in the induction of 

Further, the HPV 16 antisense and hairpin ribozyme mterferon (Saito> ^ Interferon Res , 9:2 3-24, 1989). 

palhatrves can be inserted downstream of a heterologous In applicalions where extended expression of the thera- 

gene inserted into the described Sindbis vectors. For peutic palliative is desired, expression of EFN in the infected 

example, one could insert the HPV 16 antisense and hairpin cell is inhibited by inclusion of a hairpin ribozyme with 

ribozyme palliatives downstream of a heterologous gene M specificity for IFN-a mRNA in the Sindbis vector. Inhibi tion 

coding for an immunogenic epitope of HPV 16 from, for of IFN- expression mus mitigates induction of the cascade of 

example, the E6/E7 or LI proteins. In these vectors, it would cellular proteins, including the eIF-2 protein kinase and 

not be desired to include the immunoregulatory Ad E3 or 2',5'-OAS, which inhibit the extent to which virus can 

CMV H301 genes. replicate in the infected cell. Prolonged expression of the 

Expression of the E6/E7 genes during infection with both therapeutic palliative without induction of an immune 

the high- and low-risk HPV groups is required for prolif- 35 response targeted towards the vector infected cell is desired 

eration of the cervical epithelium. The HPV E7 protein from m all applications other than antigen presentation and 

all HPV types tested forms a complex with the retinoblas- includes, for example, systemic protein production, anti- 

toma protein, and the E6 protein from HPV types 16 and 18 and ribozyme, and accessory molecules. 

associates with and degrades the cellular p53>otein. The A. CONSTRUCTION OF A HAIRPIN RIBOZYME WITH 

p53 and retinoblastoma cellular gene products are involved 40 TARGETED SPECIFICITY FOR INTERFERON A MRNA 

in the growth control of the cell, and altering the expression In order to efficiently inhibit the expression of mterferon 

or function of these proteins can release the growth control a protein in cells infected with Sindbis vectors, a hairpin 

in affected cells. Thus, an antisense or ribozyme therapeutic n ^ A me (HRB^ with tar^specnicity for mterferon a 

agent to both HPV groups should either directly or ulti- mR * A * ™"f™<*<f ™f ^ ri^g™ " ° ietv 15 ^ 
* . j. • . r « it_ c iL 45 inserted mto the plasmid vector pKSII (Stratagene, La 

mately diminish the expression of one or both of these Calif ) of ^ rfbozyme me ^ utic S from 

genes. Expression of the E6/E7 genes is trans-activated by lasmid ^ and fnto ^ vario ^ indbis vector 

the viral E2 protein. However, by utilizing an alternative backbones ^ accomplished via the unique ribozyme moiety 

splicing strategy, the E2 protein can also act as a trans- terminal Cla I and Xba I restriction endonuclease sites. 

repressor. Integration of the oncogenic HPV types occurs in 5Q The HRBZ is homologous to nucleotides 1026-1041 of 

the viral E2 region and abrogates the expression of the E2 the human interferon alpha gene IFN-alpha 4b shown below, 

protein. Integration by the oncogenic HPV types appears to and to all IFN-a genes sequenced, including 5, 6, 7, 8, and 

be a pivotal event in the frank induction and/or maintenance 14, but not gene 16 (Henco et al.,7. Mol Biol 185:227-260, 

of cervical carcinoma. This event results in the constitutive 1985 ): 

expression of the E6/E7 genes. In the integrated state, 55 5*-TCT CTG TCC TCC ATG A (SEQ.ID NO. 120) 
expression of the E6/E7 genes is trans-activated by factors The HRBZ is designed to cleave after the T residue in the 

present in infected keratinocytes. The inactivation of the TGTC hairpin ribozyme loop 5 substrate motif, shown 

viral E2 control mechanism in response to the cellular underlined above. Following cleavage, the HRBZ is 

keratinocyte factor activation of E6/E7 expression might be recycled and able to hybridize to, and cleave, another IFN-a 

a critical event in viral integration. mRNA molecule. 

60 Double-stranded HRBZ as defined previously (Hampel et 

Exam P le 19 al., Nucleic Acids Research 18:299-304, 1990), containing a 

INHIBITION OF HUMAN INTERFERON A EXPRES- 4 base tetraloop 3 and an extended helix 4, with specificity 

SION IN INFECTED CELLS BY SEQUENCE-SPECIFIC for the IFN-a mRNA shown above, is chemically synthe- 

RIBOZYME MOLECULES EXPRESSED FROM SIND- sized and includes at the 5* and 3' ends, respectively, Cla I 

BIS VIRUS VECTORS 65 and Xba I sites. The sequence of the chemically synthesized 

Interferons (IFNs) comprise a family of small proteins IFN-a HRBZ strands are shown below: 

which effect a wide range of biological activities in the IFN-a HRBZ. sense strand (5* to 3'): 
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TCG AGT CAT GGA GAG AGG AGA ACC AGA GAA Example 20 
ACA CAC GGA CIT CGG TCC GTG GTA TAT TAC 

CTG GAT (SEQ.ID NO, 121) EX VIVO AND IN VIVO TREATMENT OF 

_ ¥ n \ J ' ^ HUMAN CANCERS BY ADMINISTRATION OF 

IFN-a HBRZ. antisense strand (5' to 3*): 

CGA TCC AGG TAA TAT ACC ACG G AC CGA AGT RECOMBINANT ALPHAVIRUS VECTOR 

CCG TGT GTTTCTCTG GTT CTCCTCTCT CCA PARTICLES OR ALPHAVIRUS PLASMID DNA 

TGA C (SEQ.ID NO. 122) VECTORS WHICH EXPRESS CYTOKINES, 

Id order to form the double-stranded IFN-a specific CYTOKINE RECEPTORS OR DRUG 

HRBZ with Cla I and Xba I cohesive ends, equal amounts 10 POTENTIATORS 

of the oligonucleotides are mixed together in 10 mM Mg 2 *, ^ VECTOR CONSTRUCTIONS 

heated at 95° C. for 5 minutes, then cooled slowly to room i # GAMMA INTERFERON 

temperature to allow the strands to anneal. Murine gamma interferon is subcloned from the retroviral 

The double-stranded IFN-a HRBZ with Cla I and Xba I J5 vector plasmid pMu-ylFN (Howard et ah, Ann, N.Y Acad. 

cohesive ends is first ligated into the pKSII* plasmid vector, ScL 716:167-187, 1994) by digesting with Cla I and making 

prepared by digestion with Cla I and Xba I, treatment with the termini blunt by Klenow enzyme and dNTPs. After heat 

CLAP, and treatment with GENECLEAN™. This plasmid is inactivation of the Klenow enzyme, the vector is digested 

known as pKSIFNaHRBZ. with Xho I. The resulting 800 bp fragment containing the 

The IFN-a hairpin ribozyme moiety is liberated from the ^ coding sequences of gamma interferon is isolated from a 1% 

pKSIFNaHRBZ plasmid by digestion with Cla I and Xba I, agarose gel. pKSSINBV (Example 3) is digested with Xho 

purification by 2% Nu-Sieve/1% agarose electrophoresis I and Stu I, and the vector is purified by GENECLEAN™ 

and GENECLEAN™ , and insertion into the desired vector and ligated with the gamma interferon insert. The resulting 

backbone, prepared by digestion with Cla I and Xba I, and vector construction is known as pKSSINyMu. The human 

treatment with CIAP. Several possible Sindbis vectors some ^ gamma interferon gene (Howard et aL, supra) is similarly 

of which are shown below, and whose detailed construction inserted into pKSSINBV using the same strategy. The 

is described in Examples 2, 3, and 4 are suitable for the resulting vector construct is known as pKSSINyHu. The 

insertion of the IFN-a hairpin ribozyme moiety: interferon expressing Sindbis vectors are then packaged into 

vector particles. This is accomplished by introducing RNA 
3Q from these vectors into a packaging cell line as described in 

Vector Functionnl Junction Region (+/-) Example 7. 

pKSSINBV + The mouse and human interferon genes are also cloned 

pKSSLNBVdUR - into pVGELVISSINBV-linker (see Example 3). Briefly, 

pKSsrNdURsjrc + pVGELVISSINBV- linker is first digested with Asc I and the 

P KSsS^jSiJwf7582-760H + 35 termini made olunt bv me addition of Klenow enzyme and 

pKSsrNdJJRsixjr + dNTPs. The Klenow is heat inactivated and the vector is 

pKSSiNdURsjrcAdE3 + subsequently digested with Xho I. This vector is purified by 

P KSSiNdURsjrcH30i + GENECLEAN™ and ligated to the gamma interferon 

inserts prepared as described above. The resulting vectors 

Since the ribozyme activity operates at the level of RNA, 40 are described pVGELVIS-yMu and pVGELVIS-yHu, 

it is not necessary that this region is expressed as a portion !f S fSSS^?i?r m 

subgenomic mRNA However, when placed downstream of 2 * INTERLEUKIN-2 

a functional junction region, the level of ribozyme synthe- n * human lL ~ 2 S ene * cloned b X PCR amplification into 

sized is much greater and perhaps more effective in cleaving me ^ retroviral backbone (Howard et aL, Ann NX Acad, 

the IFN-a RNA target 45 Sci ' 716:167-187, 1994). The source for the IL-2 gene is a 

Further, in some applications, for example systemic P BR322 based P lasmid which contains me IL " 2 cDNA 

expression of protein, multiple dose administration to an ^ CC #fi 1391). The cDNA is PCR amplified using a 

individual is required. In these applications, prolonged standard three-temperature protocol as described in 

expression of the therapeutic palliative without induction of Sample 3. The 5* pnmer is the sense sequence of the hIL-2 

an immune response targeted towards the vector infected so gene complimentary to the 5' coding region beginning at the 

cell is desired. In this configuration, the IFNkiHRBZ moiety ^ 00(100 ■ Additionally, a Xho I site is built into the 

could be inserted upstream of the adenovirus E3 or human 5 ' end of me V™*™ sequence. 

cytomegalovirus H301 genes, which down-regulate the 5 1 hIL-2 (SEQ.ID NO. 123) 

expression of MHC class I molecules in infected cells. 5 '-GCCTCG AGACAATGTACAGG ATG CAACTC- 

Following the gene which modulates MHC class I expres- 55 CTGTCT 

sion is, consecutively, an IRES element selected from The 3' primer is an antisense sequence of the hIL-2 gene 

among the group described in Example 5, and the therapeu- complementary to the 3* coding region ending at the TAA 

tic palliative. Ordered insertion of the hairpin ribozyme, Ad stop codon. Additionally, a Cla I site is built into the 5' end 

E3 or CMV H301, IRES, and heterologous gene of interest of the primer sequence. 

components along the multiple cloning sequence located in 60 3* hlL-2 (SEQ.ID NO. 124) 

the vector between the vector junction region and 3' end is 5-GAATCGATTTATCAAGTCAGTGTTGGAGAT- 

accomplisbed by modification with the appropriate restric- GATGCT 

tion enzyme recognition sites of the component 5* and 3* The PCR amplicon is purified in a 1% agarose gel. To place 

ends. In these constructions, functional INF-a hairpin the IL-2 gene in the KT-3 retroviral backbone, pMu-IFN is 

ribozyme palliatives will be present at the level of both 65 digested with Xho I and Cla I to remove the interferon gene, 

subgenomic and positive stranded genomic Sindbis vector After treatment with phosphatase, the vector is purified in a 

RNA 1% agarose gel. The vector and IL-2 insert are ligated and 
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transformed using standard procedures, and recombinant etc. Alternatively, pharmaceutical compositions according to 

clones are screened by restriction enzyme analysis. The the invention can be stored as liquids at low temperatures. In 

resulting vector is designated pKThIL-2. a preferred embodiment, the gene delivery vehicles of the 

Human 1L-2 is subcloned from the retroviral vector invention are formulated to preserve infectivity in a lyo- 

pKThIL2, into the pKSSINBV vector, using the same strat- 5 philized form at elevated temperatures, and for this form to 

egy employed for murine gamma interferon. The resulting ^ suitable for injection into patients following reconstitu- 

vector construction is known as pKSSIN-huIL-2. The tion - 

human IL-2 gene is also cloned into pVGELVISSINBV- In as P cci o{ *** P resent invention, methods are 

linker as described above for the gamma interferon genes. provided for preventing or treating various diseases and 

IT* resulting construct is designated pVGELVIS-IL-2. 10 S enet \ c ^sorders^ Such methods comprise altering a 

- iro v gene delivery vehicle as described above, such that a thera- 

* " j4 . . - . . . . peutically efficacious amount of the desired, or "selected," 

K ?> tt " d l^P^termiDation signals ^ fa ^ ^ hercin> , Utherapeutical i y 

of HSV-1 thymidine kinase gene (HS V-TK) are isolatedas effective fe ^ ^ k of clinical relevance 

a 1.8 kb Bgl WPvu II fragment from plasmid 322TK U y protective immunity * achieved, tumor progression is 

(McKnight et. al., Nuc. Adds Res. 8:5949, 1980) cloned into 15 relal d e d, etc. A "therapeutically effective amount" of a gene 

pBR 322 (ATCC No. 31344). The ends are made blunt by delivery vehicle according to the invention refers to the 

the addition of Klenow enzyme and dNTPs. The 1.8 kb amount that must be administered to produce a therapeuti- 

fragment is isolated on a 1% agarose gel and ligated to pKS cally effective amount of the desired gene product in a 

SINBV which had been previously digested with Stu I, particular patient or application. For instance, in a patient 

pbosphatased and gel purified. This construct is known as 20 suffering from hemophilia A, a therapeutically effective 

pKSSINBV-TK. For use is physical gene transfer amount of a gene delivery vehicle is an amount that elicits 

experiments, the TK gene is similarly cloned into production of sufficient factor VIII (the desired gene product 

pVGELVIS-SINBV-linker. The vector is prepared by diges- expressed from the selected heterologous nucleotide 

tion with Pml 1, phosphatase treatment and isolated on a 1% sequence) to produce therapeutically beneficial clotting and 

agarose gel. This vector construct is known as 25 will thus generally be determined by each patient's attending 

pVGELVTSBV-TK. physician, although serum levels of about 0.2 ng/mL (about 

B. ADMINISTRATION 0. 1% of "normal" levels) or more will be therapeutically 

Any of the above-described vector constructs may be beneficial. Typical dosages will range from about 10 s to 10 12 

utilized along with packaging cell lines described in gene delivery vehicles. 

Example 7, in order to produce recombinant alphavinis 30 In some cases, gene delivery vehicles according to the 
particles suitable for administration to humans or animals invention will be administered as an adjunct to other therapy, 
(either directly or indirectly), or for infecting target cells. such as hormonal, radiation, and/or chemotherapeutic treat- 
Such vector constructs may also introduced directly into ment. 

target cells as a "naked" DNA molecule, as a DNA complex In various embodiments of the invention, gene delivery 
with various liposome formulations, or as a DNA ligand 35 vehicles may be administered by various routes in vivo, or 
complex including the alphavinis DNA vector molecule ex vivo, as described in greater detail below. Alternatively, 
(e.g., along with a polycation compound such as polylysine, the gene delivery vehicles of the present invention may also 
a receptor specific ligand, or a psoralen inactivated virus be administered to a patient by a variety of other methods, 
such as Sendai or Adenovirus). Representative examples include transfection by various 
This aspect of the invention relates to pharmaceutical 40 physical methods, such as lipofection (Feigner, et al., Proc. 
compositions comprising alphavinis vector constructs, NatL Acad Sci. USA, 84:7413, 1989), direct DNA injection 
recombinant alphavinis particles, or eukaxyotic layered vec- (Acsadi, et al., Nature, 352:815, 1991; microprojectile bom- 
tor initiation systems described above (individually and/or bardment (Williams, et al., Proc Nat'L Acad. ScL USA, 
collectively referred to herein sometimes as "gene delivery 88:2726, 1991); liposomes of several types (see e.g., Wang, 
vehicles"), in combination with a pharmaceuti cally accept- 45 et al., Proc. Nat'L Acad. Sci. USA, 84:7851, 1987); CaP0 4 
able carrier or dihient. Such gene delivery vehicles can be (Dubensky, et al., Proc. Nat'L Acad Sci. USA , 81:7529, 
formulated in crude or, preferably, purified form. Pharma- 1984); DNA ligand (Wu, et al.,7. BioL Chem., 264:16985, 
ceutical compositions comprising the gene delivery vehicles 1989); or administration of nucleic acids alone (WO 
may be prepared either as a liquid solution or as a solid form 90/11092). Other possible methods of administration can 
(e.g., lyophilized) which is resuspended in a solution prior to 50 include injection of producer cell lines into the blood or, 
administration. In addition, the composition may be pre- alternatively, into one or more particular tissues, grafting 
pared with suitable carriers or diluents for topical tissue comprising cells treated with gene delivery vehicles 
administration, injection, or nasal, oral, vaginal, sub-lingual, according to the invention, etc. 

inhalant, intraocular, enteric, or rectal administration. When pharmaceutical compositions according to the 
Pharmaceutically acceptable carriers or diluents are non- 55 invention are administered in vivo, i.e., to the cells of patient 
toxic to recipients at the dosages and concentrations without prior removal of the cells from the patient, admin- 
employed. Representative examples of carriers or diluents istration can be by one or more routes. In this context, 
for injectable solutions include water, isotonic saline "administration** is equivalent to "delivery." Typical routes 
solutions, preferably buffered at a physiological pH (such as of administration include traditional parenteral routes, such 
phosphate-buffered saline or Tris-buffered saline), mannitoL, 60 as intramuscular (i.m.), subcutaneous (sub-q), intravenous 
dextrose, glycerol, and ethanol, as well as polypeptides or (i*v.), and interperitoneal (i.p.) injection. Other suitable 
proteins such as human serum albumin (HSA). routes include nasal, pulmonary, and even direct adminis- 
Gene delivery vehicles according to the invention can be tration into a particular tissue, such as the liver, bone 
stored in liquid, or preferably, lyophilized form. Factors marrow, etc. In addition, other routes may be employed, as 
influencing stability include the formulation (liquid, freeze 65 described below. 

dried, constituents thereof, etc.) and storage conditions, Transdermal or topical application of a pharmaceutical 

including temperature, storage container, exposure to light, composition comprising a gene delivery vehicle according 
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to the invention may be used as an alternate route of prolong residence time in the nasal cavity. Various formu- 
administration because the skin is the most expansive and lations comprising sprays, drops, and powders, with or 
readily accessible organ of the human body. Transdermal without the addition of absorptive enhancers, have been 
delivery systems (IDS) are capable of delivering a gene described (see Wearley, L, supra ). 
delivery vehicle through intact skin so that it reaches the 5 Oral administration includes sublingual, buccal, and gas- 
systemic circulation in sufficient quantity to be therapeuti- trointestinal delivery. Sublingual and buccal (cheek) deliv- 
cally effective. TDS provide a variety of advantages, inchid- ery allow for rapid systemic absorption of gene delivery 
ing elimination of gastrointestinal absorption problems and vehicles and avoid hepatic first-pass metabolism and deg- 
hepatic first pass effect, reduction of dosage and dose radation in the stomach and intestines. Unidirectional buccal 
intervals, and improved patient compliance. The major 10 delivery devices can be designed for oral mucosal absorp- 
components of TDS are a controlled release device com- tion only. Additionally, these devices can prevent diffusion- 
posed of polymers, a gene delivery vehicle according to the limiting mucus buildup to allow for enhanced absorption, 
invention, excipients, and enhancers, and a fastening system Delivery through the gastrointestinal tract allows for precise 
to fix the device to the skin. Anumber of polymers have been targeting for drug release. Depending on the formulation, 
described and include, but are not limited to, gelatin, gum 15 gene delivery vehicles can be specifically delivered to areas 
arabic, paraffin waxes, and cellulose acetate phthalate in the stomach, duodenum, jejunum, ileum, cecum, colon, or 
(Sogibayasi, et al., J. Controlled Release, 29:177, 1994). rectum. Oral formulations include tablets, capsules, aqueous 
These polymers can be dermatologically formulated into suspensions, and gels. These may contain bioadhesive 
aqueous, powder, or oil phases. Various combinations can polymers, hydrodynamically balanced systems, gastro in flat- 
produce lotions, pastes, ointments, creams, and gels, alone 20 able delivery devices, intragastric retention shapes, enteric 
or together with the aid of emulsifiers. coatings, excipients, or intestinal absorption promoters 
Additionally, iontophoresis may be used to cause (Ritschel, W. A., Meth. Exp. Clin. Pharmacol., 13::313, 
increased penetration of ionized substances into or through 1991). 

the skin by the application of an electrical field. This method The human rectum has a surface area of between 200 to 

has the advantage of being able to deliver the drug in a 25 400 cm 2 and is abundant in blood and lymphatic vessels, 

pulsatile manner (Singh, et al, Dermatology, 187:235, 1993). This offers an alternative route for administrating composi- 

Topical administration may also be accomplished by tions according to the invention. Depending on the actual 

encapsulating gene delivery vehicles according to the inven- site of administration, it may be possible to bypass first-pass 

tion in liposomes. Hyaluronic acid has been used as a metabolism by the liver. Targeting of the systemic circula- 

bioadhesive ligand for the formation of liposomes to 30 tion can be achieved by delivering the vehicle to an area 

enhance adherence and retention to the extracellular matrix behind the internal rectal sphincter which allows absorption 

in cases of bums and wound healing (Yerushalmi, et al., directly into the inferior vena cava, thereby bypassing the 

Arch. Biochem. andBiophys, 313:267, 1994). As those in the portal circulation and avoiding metabolism in the liver. The 

art will appreciate, methods of liposome preparation can be liver can be targeted by delivering the vehicle to the region 

tailored to control size and morphology. Liposomes can also 35 of the ampulla recti, which allows absorption into the portal 

be made to include one or more targeting elements to target system (Ritschel, supra.). 

a specific cell type. Alternatively, pulmonary administration can be accom- 

Ocular administration is an alternate route to achieve plished through aerosolization. As the lungs are highly 

delivery of compositions described herein. Systemic absorp- vascularized, this type of administration allows systemic 

tion occurs through contact with the conjunctival and nasal 40 delivery. The three systems commonly used for aerosol 

mucosae, the latter occurring as the result of drainage production are: the nebulizer, the pressurized metered dose 

through the nasolacrimal duct. Formulations such as those inhaler, and the dry powder inhaler, all of which are known 

described above which further comprise inert ingredients in the art. Aerosol therapy is very common in obstructive 

such as buffers, chelating agents, antioxidants, and preser- bronchial diseases but can be used as well as for the 

vatives can be incorporated into ophthalmic dosage forms 45 treatment of systemic diseases. The surface area of the adult 

intended for multiple dose use. Formulations also may human lung is approximately 75 m 2 and requires only one 

consist of aqueous suspensions, ointments, gels, inserts, puff of an aerosol to cover this entire area within seconds, 

bioadhesives, microparticles, and nan op articles. Absorption occurs quickly because the walls of the alveoli 

The nasal cavity also offers an alternative route of admin- in the deep hing are extremely thin. Absorption and clear- 

istration for compositions comprising a gene delivery 50 ance depends on a number of factors, including particle size 

vehicle as described herein. For instance, the human nasal and solubility (Wearley, L, supra ). Particles are preferably 

cavities have a total surface area of approximately 150 cm 2 smaller than 5 /zM in diameter. 

and are covered by a highly vascular mucosal layer. A The vaginal mucosa consists of stratified squamous epi- 

respiratory epithelium, comprised of columnar cells, goblet thelium. Gene delivery vehicles can be administered through 

cells, and ciliary cuboidal cells, lines most of the nasal cavity 55 the vaginal orifice onto the mucosa. Formulations include 
(Chien, et al, Crit. Rev. in Therap. Drug Car. Sys., 4:67 ointments, creams, and suppositories. Additional informa- 

1987). The subepitbelium contains a dense vascular network tion regarding these and other routes of administration may 

and the venous blood from the nose passes directly into the be found in U.S. Ser. No. 08/366,788. 

systemic circulation, avoiding first-pass metabolism in the As an alternative to in vivo administration of the gene 

liver. Thus, delivery to the upper region of the nasal cavity 60 delivery vehicles of the invention, ex vivo adminstration can 

may result in slower clearance and increased bioavailability be employed. Ex vivo treatment envisions withdrawl or 

of gene delivery vehicles. The absence of cilia in this area is removal of a population of cells from a patient. Exemplary 

an important factor in the increased effectiveness of nasal cell populations include bone marrow cells, liver cells, and 

sprays as compared to drops. The addition of viscosity- blood cells from the umbilical cord of a newborn. Such cells 

building agents, such as methycellulose, etc. can change the 65 may be processed to purify desired cells for transduction 

pattern of deposition and clearance of intranasal applica- prior to such procedures, for instance to obtain subsets of 

tions. Additionally, bioadhesives can be used as a means to such cell populations, e.g., CD34* bone marrow progenitor 
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cells. Preferred methods of purification include various cell (Acsadi et al., Nature 352:815-818, 1991), and microprojec- 

sorting techniques, such as antibody panning, FACS, and tile bombardment (Williams et al., PNAS 88:2726-2730, 

affinity chromatography using a matrix coupled to antibod- 1991). 

ies specifically reactive to the desired cell type(s). Isolated Within an in vivo context, the gene delivery vehicle can 

cells are then transduced, after which they may be imme- s be injected into the interstitial space of tissues including 

diately re-introduced to the patient from which they were muscle, brain, liver, skin, spleen or blood (see, WO 

withdrawn. Alternatively, the cells may be expanded in 90/11092). Administration may also be accomplished by 

culture by various techniques known to those skilled in the intravenous injection or direct catheter infusion into the 

art prior to re-introduction. cavities of the body (see, WO 93/00051), discussed in more 

In another embodiment of the invention, gene delivery 10 detail below, 

vehicles of the invention are administered to patients in It is generally preferred that administration of the gene 

conjunction with another therapeutic compound. As those in delivery vehicles at multiple sites be via at least two injec- 

the art will appreciate, such compounds may include, but are tions. In this regard, suitable modes of administration 

not limited to, other gene delivery vehicles designed to include intramuscular, intradermal and subcutaneous 

deliver one or more other therapeutic genes to the patient, as 15 injections, with at least one of the injections preferably being 

is described in U.S. Ser. No. 08/368,210. intramuscular. In particularly preferred embodiments, two or 

In accordance with the non-parenteral administration the more of the injections are intramuscular. However, although 

present invention, the gene delivery vehicles, particularly administration via injections is preferred, it will be evident 

those comprised of unencapsidated nucleic acid, may be that the gene delivery vehicles may be administered through 

complexed with a polycationic molecule to provide 20 multiple topical or separate ocular administrations. Further, 

polycation-assisted non-parenteral administration. Such a a number of additional routes are suitable for use within the 

method of gene delivery facilitates delivery of a gene via present invention when combined with one or more of the 

mediation by a physical particle comprised of multiple routes briefly noted above, including intraperitoneal, 

components that augment the efficiency and specificity of intracranial, oral, rectal, nasal, vaginal and sublingual 

the gene transfer. In particular, polycationic molecules, such 25 administration. Methods of formulating and administering 

as polylysine and histone, have been shown to neutralize the the gene delivery vehicles at multiple sites through such 

negative charges on a nucleic acid molecule and to condense routes would be evident to those skilled in the art and are 

the molecule into a compact form. This form of molecule is described in U.S. Ser. No. 08/366,788 and U.S. Ser. No. 

transferred with high efficiency in cells, apparently through 08/367,071 incorporated herein by reference in their 

the endocytic pathway. The uptake in expression of the 30 entirety, 

nucleic acid molecule in the host cell results after a series of C. Liposome Formulation 

steps, as follows: (1) attachment to cell surface; (2) cell entry Several methods may be used in the preparation of 

via endocytosis or other mechanisms; (3) cytoplasmic com- liposomes to incorporate gene delivery vehicles of the 

partment entry following endosome release; (4) nuclear invention, particularly those that are DNA or RNA, see 

transport; and (5) expression of the nucleic acid molecule 35 Gregoriadis et. al., {Liposome Technology, CFC Press, New 

carried by the gene delivery vehicle. In a further preferred York 1984), Ostro et. al., (Liposomes, Marek Dekker, 1987) 

embodiment, multi-layer technologies are applied to the and Lichtenberg et. al., (Meth, Biochem, Anal 33:337, 

poly cation -nucleic acid molecule complex to facilitate 1988). According to one embodiment of the invention, the 

completion of one or more of these steps. For example, a gene delivery vehicles are complexed with cationic lipo- 

ligand such as asialoglycoprotein, transferrin, and immuno- 40 somes or lipid vesicles. Cationic liposome formulations may 

globulin may be added to the complex to facilitate binding be prepared from a mixture of positively charged lipids, 

of the cell complex to the cell surface, an endosomal negatively charged lipids, neutral lipids and cholesterol or 

disruption component (e.g., a viral protein, a fusogenic similar sterol. The positively charged lipids may be DMRIE 

peptide such as the n-terminus of the influenza virus hema- (Feigner, et al., J. Biol Chem. 269:1, 1994), DOTMA, 

glutinin or an inactivated virus) is added to facilitate the 45 DOTAP or analogs thereof or a combination of two or more 

release of DNA from the endosome, or a nuclear protein (or of these lipids. DMRIE is described in U.S. Ser. No. 

a peptide containing a nuclear localization signal) is added 07/686,746 which is hereby incorporated reference. The 

to facilitate the transport of the DNA into the nucleus. In a neutral and negatively charged lipids can be any natural or 

further preferred embodiment, the composition comprising synthetic phospholipid or mono-, di- or triglyccrols. The 

the complex includes inactivated adenovirus particles 50 natural phospholipids may be derived from animal and plant 

(Curiel, D.T., et al., PNAS 88: 8850-8854, 1991; Cristiano, sources. For example, natural phospholipids such as 

RJ., PNAS 90: 2122-2126 1993; Cotten, M., et al., PNAS phosphotidylcholine, phosphotidylethanolamine, 

89: 6094-6098 1992; Lozier, J.N., et al., Human Gene sphingomylin, phosphotidylserine, or phosphotidylinositol 

Therapy 5: 313—322, 1994; Curiel, D.T., et al., Human Gene may be utilized. Synthetic phospholipids may be selected 

Therapy 3: 147-154, 1992; Plank, C. et al., Bioconjugate 55 from those having fatty acid groups such as 

Chem. 3: 533-539, 1992; Wagner, E. et al., PNAS 88: dimyristoylphophatidylcholine, 

4255-4259, 1991). The assorted components comprising the distearoylphosphatidyl choline, 

multi-layer complex may be varied as desired, so that the dipalmitoylphosphatidylcholine, 

specificity of the complex for a given tissue, or the gene distearoylphophatidylcboline, and the corresponding 

expressed from the gene delivery vehicle, may be varied to 60 phophatidylethanolamines and phosphatidylglycerols. The 

better suit a particular disease or condition. neutral lipids may be phosphatidylcholine, cardiolipin, 

As noted above, various methods may be utilized to phosphatidylethanolamine, mono-, di- or triacylglycerols, or 

administer gene delivery vehicles of the present invention, analogs thereof such as moleoylphosphaudylethanolamine 

including nucleic acids which encode the immunogenic (DOPE). The negatively charged lipids may be 

portion(s) discussed above, to warm-blooded animals such 65 phosphatidylglycerol, phosphatide acid or a similar phos- 

as humans, directly. Suitable methods include, for example, pholipid analog. Other additive known to those skilled in the 

various physical methods such as direct DNA injection art may also be used such as cholesterol, glycolipids, fatty 
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acids, sphingolipids, prostaglandins, gangliosides, neobee, 
niomes, or any other natural or synthetic amphophiles. 

Substitution of the cationic lipid component of liposomes 
may be used to alter the transfection efficiency of the 
liposome. For example, l,2-dimyristyloxypropyl-3- 
dinethyl-hydroxyethyl ammonium bromide (DMRIE) is 
used in conjunction with DOPE which provides increased 
transfection efficiency and does not aggregate at high con- 
centrations as other formulations such as DC-cholesterol/ 
DOPE. These characteristics allows for higher absolute 
concentrations of DNA and liposomes to be introduced into 
patients in vivo without increased levels of toxicity. A 
preferred molar ratio of DMRIE to DOPE of 9:1 to 1:9 with 
a particularly preferred molar ratio of 5:5 (see WO 94/29469 
incorporated herein by reference) 
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From the foregoing, it will be appreciated that, although 
specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 

Additionally, the publications and other materials cited to 
illuminate the background of the invention, and in particular, 
to provide additional details concerning its practice as 
described in the detailed description and examples, are 
hereby incorporated by reference in their entirety. 

A Sequence Listing has also been included herewith in 
accordance with the provisions of 37 C.F.R. § 1.821 et seq. 
To the extent any discrepancy exists between the Specifi- 
cation Figures and the Sequence Listing, the specification or 
Figures should be considered to be the primary document 



SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 128 

( 2 ) INFORMATION FOR SEQ ID NO:l: 

( j ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 16656 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCtl: 

ATTGACGGCG TAGTACACAC TATTGAATCA AACAGCCGAC CAATCGCACT ACCATCACAA 60 

TGGAGAAGCC AGTAGTAAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGC 120 

AAAAAAGCTT CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA 180 

AT G C C AG AG C ATTTTCGCAT C TGGCCAGT A AACTAATCGA GCTGGAGGTT CCTACCACAG 240 

CGACGATCTT GGACATAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 3 00 

ATTGTGTCTG CCCCATGCGT AGTCCAGAAG ACCCGGACCG CATGATGAAA TATGCCAGTA 360 

AACTGGCGGA AAAAGCGTGC AAGATTACAA ACAAGAACTT GCATGAGAAG ATTAAGGATC 420 

TCCGGACCGT ACTTGATACG CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 480 

TTACCTGCAA CATGCGTGCC GAATATTCCG TCATGCAGGA CGTGTATATC AACGCTCCCG 540 

GAACTATCTA TCATCAGGCT ATGAAAGGCG TGCGGACCCT GTACTGGATT GGCTTCGACA 600 

CCACCCAGTT CATGTTCTCG GCTATGGCAG GTTCGTACCC TGCGTACAAC ACCAACTGGG 660 

CCGACGAGAA AGTCCTTGAA GCGCGTAACA TCGGACTTTG CAGCACAAAG CTGAGTGAAG 720 

GTAGGACAGG AAAATTGTCG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT 780 

ATTTCTCCGT AGGATCGACA CTTTATCCAG AACACAGAGC CAGCTTGCAG AGCTGGCATC 840 

TTCCATCGGT GTTCCACTTG AATGGAAAGC AGTCGTACAC TTGCCGCTGT GATACAGTGG 900 

TGAGTTGCGA AGGCTACGTA GTGAAGAAAA TCACCATCAG TCCCGGGATC ACGGGAGAAA 960 

CCGTGGGATA CGCGGTTACA CACAATAGCG AGGGCTTCTT GCTATGCAAA GTTACTGACA 1020 

CAGTAAAAGG AGAACGGGTA TCGTTCCCTG TGTGCACGTA CATCCCGGCC ACCATATGCG 1080 

AT C AG AT G A C TGGTCTAATG GCCACGGATA TATCACCTGA CGATGCACAA AAACTTCTGG 1140 

TTGGGCTCAA CCAGCGAATT CTCATTAACC GTAGGACTAA CAGGAACACC AACACCATGC 1200 

AAAATTACCT TCTGCCGATC ATAGCACAAG GGTTCAGCAA ATGGGCTAAG GAGCGCAAGG 1260 
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ATCATCTTGA TAACGAGAAA ATGCTGGGTA CTAGAGAACG CAAGCTTACG TATGGCTGCT 1320 

TGTGGGCGTT TCGCACTAAG AAAGTACATT CGTTTT ATCG CCCACCTGGA ACGCAGACCT 1380 

GCGTAAAAGT CCCAGCCTCT TTTAGCGCTT TCCCCATGTC GTCCGTATGG ACGACCTCTT 14*0 

TGCCCATGTC GCTGAGGCAG AAATTGAAAC TGGCATTGCA ACCAAAGAAG GAGGAAAAAC 1500 

TGCTGCAGGT CTCGGAGGAA TTAGTCATGG AGGCCAAGGC TGCTTTTGAG GATGCTCAGG 1560 

AGGAAGCCAG AGCGGAGAAG CTCCGAGAAG CACTTCCACC ATTAGTGGCA GACAAAGGCA 1620 

TCGAGGCAGC CGCAGAAGTT GTCTGCGAAG TGGAGGGGCT CCAGGCGGAC ATCGGAGCAG 1680 

CATTAGTTGA AACCCCGCGC GGTCACGTAA GGATAATACC TCAAGCAAAT GACCGTATGA 1740 

TCGGACAGTA TATCGTTGTC TCGCCAAACT CTGTGCTGAA GAATGCCAAA CTCGCACCAG 1800 

CGCACCCGCT AGCAGATCAG GTTAAGATCA TAACACACTC CGGAAGATCA GGAAGGTACG 1860 

CGGTCGAACC ATACGACGCT AAAGTACTGA TGCCAGCAGG AGGTGCCGTA CCATGGCCAG 1920 

AATTCCTAGC ACTGAGTGAG AGCGCCACGT TAGTGTACAA CGAAAGAGAG TTTGTGAACC 1980 

GCAAACTATA CCACATTGCC ATGCATGGCC CCGCCAAGAA TACAGAAGAG GGGCAGTACA 2040 

AGGTTACAAA GGCAGAGCTT GCAGAAACAG AGTACGTGTT TGACGTGGAC AAGAAGCGTT 2100 

GCGTTAAGAA GGAAGAAGCC TCAGGTCTGG TCCTCTCGGG AGAACTGACC AACCCTCCCT 2160 

ATCATGAGCT AGCTCTGGAG GGACTGAAGA CCCGACCTGC GGTCCCGTAC AAGGTCGAAA 2220 

CAATAGGAGT GATAGGCACA CCGGGGTCGG GCAAGTCCGC TATTATCAAG TCAACTGTCA 2280 

CGGCACGAGA TCTTGTTACC AGCGGAAAGA AAGAAAATTG TCGCGAAATT GAGGCCGACG 2340 

TGCTAAGACT GAGGGGTATG CAGATTACGT CGAAGACAGT AGATTCGGTT ATGCTCAACG 2400 

GATGCCACAA AGCCGTAGAA GTGCTGTACG TTGACGAAGC GTTCGCGTGC CACGCAGGAG 2460 

CACTACTTGC CTTGATTGCT ATCGTCAGGC CCCGCAAGAA GGTAGTACTA TGCGGAGACC 2520 

CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAT CACCCTGAAA 2580 

AAGACATATG CACCAAGACA TTCTACAAGT ATATCTCCCG GCGTTGCACA CAGCCAGTTA 2640 

CAGCTATTGT ATCGACACTG CATTACGATG GAAAGATGAA AACCACGAAC CCGTGCAAGA 2700 

AGAACATTGA AATCGATATT ACAGGGGCCA CAAAGCCGAA GCCAGGGGAT ATCATCCTGA 2760 

CATGTTTCCG CGGGTGGGTT AAGCAATTGC AAATCGACTA TCCCGGACAT GAAGTAATGA 2820 

CAGCCGCGGC CTCACAAGGG CTAACCAGAA AAGGAGTGTA TGCCGTCCGG CAGAAAGTCA 2880 

ATGAAAACCC ACTGT ACGCG ATCACATCAG AGCATGTGAA CGTGTTGCTC ACCCGCACTG 2940 

AGGACAGGCT AGTGTGGAAA ACCTTGCAGG GCGACCCATG GATTAAGCAG CTCACTAACA 3000 

TACCTAAAGG AAACTTTCAG GCTACTATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060 

TTGCTGCAAT AAACAGCCCC ACTCCCCGTG CCAATCCGTT CAGCTGCAAG ACCAACGTTT 3120 

GCTGGGCGAA AGCATTGGAA CCGATACTAG CCACGGCCGG TATCGTACTT ACCGGTTGCC 3 180 

AGTGGAGCGA ACTGTTCCCA CAGTTTGCGG ATGACAAACC ACATTCGGCC ATTTACGCCT 3240 

TAGACGTAAT TTGCATTAAG TTTTTCGGCA TGGACTTGAC AAGCGGACTG TTTTCTAAAC 3300 

AGAGCATCCC ACTAACGTAC CATCCCGCCG ATTCAGCGAG GCCGGTAGCT CATTGGGACA 3360 

ACAGCCCAGG AACCCGCAAG TATGGGTACG ATCACGCCAT TGCCGCCGAA CTCTCCCGTA 3420 

GATTTCCGGT GT TCCAGCT A GCTGGGAAGG GCACACAACT TGATTTGCAG ACGGGGAGAA 3 4 8 0 

CCAGAGTTAT CTCTGCACAG CATAACCTGG TCCCGGTGAA CCGCAATCTT CCTCACGCCT 3540 

TAGCCCCCGA GTACAAGGAG AAGCAACCCG GCCCGGTCG A AAAATTCTTG AACCAGTTCA 3600 

AACACCACTC AGTACTTGTG GTATCAGAGG AAAAAATTGA AGCTCCCCGT AAGAGAATCG 3660 
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AATGGATCGC CCCGATTGGC ATAGCCGGTG CAGATAAGAA CTACAACCTG GCTTTCGGGT 3720 

TTCCGCCGCA GGCACGGTAC GACCTGGTGT TCATCAACAT TGGAACTAAA TACAGAAACC 3780 

ACCACTTTCA GCAGTGCGAA GACCATGCGG CGACCTTAAA AGCCCTTTCG CGTTCGGCCC 3840 

TGAATTGCCT CAACCCAGGA GGCACCCTCG TGGTGAAGTC CTATGGCTAC GCCGACCGCA 3900 

ACAGTGAGGA CGTAGTCACC GCTCTTGCCA GAAAGTTTGT CAGGGTGTCT GCAGCGAGAC 3960 

CAGATTGTGT CTCAAGCAAT ACAGAAATGT ACCTGATTTT CCGACAACTA GACAACAGCC 4020 

GTACACGGCA ATTCACCCCG CACCATCTGA ATTGCGTGAT TTCGTCCGTG TATGAGGGTA 4080 

CAAGAGATGG AGTTGGAGCC GCGCCGTCAT ACCGCACCAA AAGGGAGAAT ATTGCTGACT 4 140 

GTCAAGAGGA AGCAGTTGTC AACGCAGCCA ATCCGCTGGG TAGACCAGGC GAAGGAGTCT 4200 

GCCGTGCCAT CTATAAACGT TGGCCGACCA GTTTTACCGA TTCAGCCACG GAGACAGGCA 4260 

CCGCAAGAAT GACTGTGTGC CTAGGAAAGA AAGTGATCCA CGCGGTCGGC CCTGATTTCC 4320 

GGAAGCACCC AGAAGCAGAA GCCTTGAAAT TGCTACAAAA CGCCTACCAT GCAGTGGCAG 4380 

ACTTAGTAAA TGAACATAAC ATCAAGTCTG TCGCCATTCC ACTGCTATCT ACAGGCATTT 4440 

ACGCAGCCGG AAAAGACCGC CTTGAAGTAT CACTTAACTG CTTGACAACC GCGCTAGACA 4S00 

GAACTGACGC GGACGTAACC ATCTATTGCC TGGATAAGAA GTGGAAGGAA AGAATCGACG 4560 

CGGCACTCCA ACTTAAGGAG TCTGTAACAG AGCTGAAGGA TGAAGATATG GAGATCGACG 4620 

ATGAGTTAGT ATGGATCCAT CCAGACAGTT GCTTGAAGGG AAGAAAGGGA TTCAGTACTA 4680 

CAAAAGGAAA ATTGTATTCG TACTTCGAAG GCACCAAATT CCATCAAGCA GCAAAAGACA 4740 

TGGCGGAGAT AAAGGTCCTG TTCCCTAATG ACCAGGAAAG TAATGAACAA CTGTGTGCCT 4800 

ACATATTGGG TGAGACCATG GAAGCAATCC GCGAAAAGTG CCCGGTCGAC CATAACCCGT 4860 

CGTCTAGCCC GCCCAAAACG TTGCCGTGCC TTTGCATGTA TGCCATGACG CCAGAAAGGG 49 20 

TCCACAGACT TAGAAGCAAT AACGTCAAAG AAGTTACAGT ATGCTCCTCC ACCCCCCTTC 4980 

CTAAGCACAA AATTAAGAAT GTTCAGAAGG TTCAGTGCAC GAAAGTAGTC CTGTTTAATC 5040 

CGCACACTCC CGCATTCGTT CCCGCCCGTA AGTACATAGA ACTGCCAGAA CAGCCTACCG 5100 

CTCCTCCTGC ACAGGCCGAG GAGGCCCCCG AAGTTGTAGC GACACCGTCA CCATCTACAG 5160 

CTGATAACAC CTCGCTTGAT GTCACAGACA TCTCACTGGA TATGGATGAC AGTAGCGAAG 5220 

GCTCACTTTT TTCG AGCTTT AGCGGATCGG ACAACTCTAT TACTAGTATG GACAGTTGGT 5280 

CGTCAGGACC TAGTTCACTA GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC 5340 

ATGCCGTCCA TGAGCCTGCC CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 5400 

CAGCGGCAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTCC CTCCACCTCT 5460 

CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATTTTCGA CGGAGAGACG GCCCGCCAGG 5520 

CAGCGGTACA ACCCCTGGCA ACAGGCCCCA CGGATGTGCC TATGTCTTTC GGATCGTTTT 5580 

CCGACGGAGA GATTGATGAG CTGAGCCGCA GAGCAACTGA GTCCGAACCC GTCCTGTTTG 5640 

GATCATTTGA ACCGGGCGAA GTGAACTCAA TTATATCGTC CCGATCAGCC GTATCTTTTC 5700 

CACTACGCAA GCAGAGACGT AGACGCAGGA GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760 

TAGGTGGGTA CATATTTTCG ACGGACACAG GCCCTGGGCA CTTGCAAAAG AAGTCCGTTC 5820 

TGCAGAACCA GCTTACAGAA CCGACCTTGG AGCGCAATGT CCTGGAAAGA ATTCATGCCC 5880 

CGGTGCTCGA CACGTCGAAA GAGGAACAAC TCAAACTCAG GTACCAGATG ATGCCCACCG 5940 

AAGCCAACAA AAGTAGGTAC CAGTCTCGTA AAGTAGAAAA TCAGAAAGCC ATAACCACTG 6000 

AGCGACTACT GTCAGGACTA CGACTGTATA ACTCTGCCAC AGATCAGCCA GAATGCTATA 6060 
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AGATCACCTA TCCGAAACCA TTGTACTCCA GTAGCGTACC GGCGAACTAC TCCGATCCAC 6120 

AGTTCGCTGT AGCTGTCTGT AACAACTATC TGCATGAGAA CTATCCGACA GTAGCATCTT 6180 

ATCAGATTAC TGACGAGTAC GATGCTTACT TGGATATGGT AGACGGGACA GTCGCCTGCC 6240 

TGGATACTGC AACCTTCTGC CCCGCTAAGC TTAGAAGTTA CCCGAAAAAA CATGAGTATA 6300 

GAGCCCCGAA TATCCGCAGT GCGGTTCCAT CAGCGATGCA GAACACGCTA CAAAATGTGC 6360 

TCATTGCCGC AACTAAAAGA AATTGCAACG TCACGCAGAT GCGTGAACTG CCAACACTGG 6420 

ACTCAGCGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ATGTAATGAC GAGTATTGGG 6480 

AGGAGTTCGC TCGGAAGCCA ATTAGGATTA CCACTGAGTT TGTCACCGCA TATGTAGCTA 6540 

GACTGAAAGG CCCTAAGGCC GCCACACTAT TTGCAAAGAC GTATAATTTG GTCCCATTGC 6600 

AAGAAGTGCC TATGGATAGA TTCGTCATGG ACATGAAAAG AGACGTGAAA GTTACACCAG 66 60 

GCACGAAACA CACAGAAGAA AGACCGAAAG TACAAGTGAT ACAAGCCGCA GAACCCCTGG 6720 

CGACTGCTTA CTTATGCGGG ATTCACCGGG AATTAGTGCG TAGGCTTACG GCCGTCTTGC 6780 

TTCCAAACAT TCACACGCTT TTTGACATGT CGGCGGAGGA TTTTGATGCA ATCATAGCAG 6840 

AACACTTCAA GCAAGGCGAC CCGGTACTGG AGACGGATAT CGCATCATTC GACAAAAGCC 6900 

AAGACGACGC TATGGCGTTA ACCGGTCTGA TGATCTTGGA GGACCTGGGT GTGGATCAAC 6960 

CACTACTCGA CTTGATCGAG TGCGCCTTTG GAGAAATATC ATCCACCCAT CTACCTACGG 7020 

GTACTCGTTT TAAATTCGGG GCGATGATGA AATCCGGAAT GT TCCTC AC A CTTTTTGTCA 7 0 8 0 

ACACAGTTTT GAATGTCGTT ATCGCCAGCA GAGTACTAGA AGAGCGGCTT AAAACGTCCA 7 140 

GATGTGCAGC GTTCATTGGC GACGACAACA TCATACATGG AGT AGTATCT GACAAAGAAA 7200 

TGGCTGAGAG GTGCGCCACC TGGCTCAACA TGGAGGTTAA GATCATCGAC GCAGTCATCG 7260 

GTGAGAGACC ACCTTACTTC TGCGGCGGAT TTATCTTGCA AGATTCGGTT ACTTCCACAG 7320 

CGTGCCGCGT GGCGGATCCC CTGAAAAGGC TGTTTAAGTT' GGGTAAACCO CTCCCAGCCG 7380 

ACGACGAGCA AGACGAAGAC AGAAGACGCG CTCTGCTAGA TGAAACAAAG GCGTGGTTTA 7440 

GAGTAGGTAT AACAGGCACT TTAGCAGTGG CCGTGACGAC CCGGTATGAG GTAGACAATA 7500 

TTACACCTGT CCTACTGGCA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560 

TCAGAGGGGA AATAAAGCAT CTCTACGGTG GTCCTAAATA GTCAGCATAG TACATTTCAT 7620 

CTGACTAATA CTACAACACC ACCACCATGA ATAGAGGATT CTTTAACATG CTCGGCCGCC 7680 

GCCCCTTCCC GGCCCCCACT GCCATGTGGA GGCCGCGGAG AAGGAGGCAG GCGGCCCCGA 7740 

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCACAGCC GTCAGTGCCC 7800 

TAGTCATTGG ACAGGCAACT AGACCTCAAC CCCCACGTCC ACGCCCGCCA CCGCGCCAGA 7860 

AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920 

AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 7980 

CCGACAGATT GTTCGACGTC AAGAACGAGG ACGGAGATGT CATCGGGCAC GCACTGGCCA 8040 

TGGAAGGAAA GGTAATGAAA CCTCTGCACG TGAAAGGAAC CATCGACCAC CCTGTGCTAT 8100 

CAAAGCTCAA ATTTACCAAG TCGTCAGCAT ACGACATGGA GTTCGCACAG TTGCCAGTCA 8160 

ACATGAGAAG TGAGGCATTC ACCTACACCA GTGAACACCC CGAAGGATTC TATAACTGGC 8220 

ACCACGGAGC GGTGCAGTAT AGTGGAGGTA GATTTACCAT CCCTCGCGGA GTAGGAGGCA 8280 

GAGGAGACAG CGGTCGTCCG ATCATGGATA ACTCCGGTCG GGTTGTCGCG ATAGTCCTCG 8340 

GTGGCGCTGA TGAAGGAACA CGAACTGCCC TTTCGGTCGT CACCTGGAAT AGTAAAGGGA 8400 

AGACAATTAA GACGACCCCG GAAGGGACAG AAGAGTGGTC CGCAGCACCA CTGGTCACGG 8460 
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CAATOTGTTT 
GCGAACCTTC 
CCCTGCTCAA 
ACGACTTTAC 
CGTGCTTCAG 
GCATACAGAC 
ACCGCTACAT 
AGATTAGCAC 
AATGCCCTCC 
GTACACTGGC 
CCGTTCACGG 
ACATCACTAT 
GGAAAGTTTA 
ACT ACAAGAC 
AGTGCGTCGC 
GACATGACGA 
CCTGCATGGT 
TCCAATTAGA 
AACCAACCAC 
GCCTGGAATA 
CAGGAGACCC 
TGTACACCAT 
CAGTGTTATG 
ACGCCGTAAT 
CGTTCACCGA 
TGTGC ATACC 
TTTTAGTGGT 
TTCCAAATGT 
TCAATTTGGA 
TT ACCTGCAA 
AATGTCAGCC 
TTATGTGGGG 
ACGTCGAATT 
CCGCGATGAA 
ACGTGAACGG 
CAGCATCGTT 
ATGACTTCCC 
CCTTGACTAG 
AGAACGTGCA 
C AGGCCGCCC 



GCTCGG AAAT 
CAGAGCCCTC 
TGCCAT ATTG 
CCTGACCAGC 
CCCTGTTAAG 
TTCCGCCCAG 
GTCGCTTAAG 
CTCAGGACCG 
AGGGGACAGC 
CCGCAAGAT A 
TAAAAGAATT 
GCACAGGCCG 
CGCAAAGCCG 
CGGAACCGTT 
CT AT AAGAGC 
CCACACGGCC 
CCCTGTTGCC 
TACAGACCAC 
TGAATGGATC 
CATATGGGGA 
TCACGGATGG 
CTTAGCCGTC 
TGCCTGTAAA 
CCCAACTTCG 
GACC ATGAGT 
TTTGGCCGCG 
TGCCGGCGCC 
GCCACAGAT A 
GATC ACTGTC 
ATTCACC ACT 
GGCCGCTCAT 
AGGAGCGCAA 
GTCAGCAGAT 
AGTAGGACTG 
AGTCACACCA 
TACGCCATTC 
GGAATATGGA 
CAAGGATCTC 
TGTCCCGTAC 
ACTGCAGGAA 



GTGAGCTTCC 
GACATCCTTG 
CGGTGCGGAT 
CCCTACTTGG 
ATCCAGCAGG 
TTTGGATACG 
CAGGATCACA 
TGTAGAAGGC 
GTAACGGTTA 
AAACCAAAAT 
CCTTGCACAG 
GGACCGCACG 
CCATCTGGGA 
TCGACCCGCA 
GACCAAACGA 
C AAGGGAAAT 
CACGCGCCGA 
TTGACATTGC 
GTCGGAAAGA 
AATCATGAGC 
CCACACGAAA 
GCATCAGCTA 
GCGCGCCGTG 
CTGGCACTCT 
T ACTTGTGGT 
TTCATCGTTC 
T ACCTGGCGA 
CCGT AT AAGG 
ATGTCCTCGG 
GTGGT CCCCT 
GCAGACTAT A 
TGTTTTTGCG 
TGCGCGTCTG 
CGTATAGTGT 
GGAACGTCTA 
GATCATAAGG 
GCGATGAAAC 
ATCGCCAGCA 
ACGCAGGCCG 
ACCGC ACCTT 



CATGCGACCG 
AAGAGAACGT 
CGTCTGGCAG 
GCACATGCTC 
TCTGGGACGA 
ACCAAAGCGG 
CCGTTAAAGA 
TTAGCTACAA 
GCATAGTGAG 
TCGTGGGACG 
TGTACGACCG 
CTTATAC ATC 
AGAACATTAC 
CCGAAATC AC 
AGTGGGTCTT 
TGC ATTTGCC 
ATGTAATACA 
TC ACC ACCAG 
CGGTCAGAAA 
CAGTGAGGGT 
TAGTACAGCA 
CCGTGGCGAT 
AGTGCCTGAC 
TGTGCTGCGT 
CGAACAGTCA 
TA ATGCGCTA 
AGGTAGACGC 
CACTTGTTGA 
AGGTTTTGCC 
CCCCAAAAAT 
CCTGCAAGGT 
ACAGTGAGAA 
ACCACGCGCA 
ACGGGAACAC 
AAGACTTGAA 
TCGTTATCCA 
CAGGAGCGTT 
CAGACATTAG 
CATCAGGATT 
TCGGGTGTAA 



CCCGCCCACA 
GAACCATGAG 
AAGCAAAAGA 
GTACTGCCAC 
AGCGGACGAT 
AGCAGCAAGC 
AGGCACCATG 
AGGATACTTT 
T AGC AACTCA 
GGAAAAATAT 
TCTGAAAACA 
CTACCTGGAA 
GTATGAGTGC 
TGGTTGCACC 
C AACTCACCG 
TTTC AAGTTG 
TGGCTTTAAA 
GAGACTAGGG 
CTTCACCGTC 
CT ATGCCCAA 
TTACTACCAT 
GATGATTGGC 
GCCATACGCC 
TAGGTCGGCC 
GCCGTTCTTC 
CTGCTCCTGC 
CTACGAACAT 
AAGGGCAGGG 
TTCCACCAAC 
CAAATGCTGC 
CTTCGGAGGG 
CAGCCAGATG 
GGCGATTAAG 
TACCAGTTTC 
AGTC ATAGCT 
TCGCGGCCTG 
CGGAGACATT 
GCTACTCAAG 
TGAGATGTGG 
GATTGC AGTA 



TGCT AT ACCC 
GCCTACGATA 
AGCGTCGTTG 
CATACTGAAC 
AACACCATAC 
GCAAACAAGT 
GATGACATCA 
CTCCTCGCAA 
GC A ACGTC AT 
GATCTACCTC 
ACTGCAGGCT 
GAATCAT CAG 
AAGTGCGGCG 
GCCATCAAGC 
GACTTGATCA 
ATCCCGGGTG 
CACATCAGCC 
GCAAACCCGG 
GACCGAGATG 
GAGTCAGCAC 
CGCCATCCTG 
GTAACTGTTG 
CTGGCCCCAA 
AATGCTGAAA 
TGGGTCCAGT 
TGCCTGCCTT 
GCGACCACTG 
TATGCCCCGC 
C AAGAGT ACA 
GGCT CCTTGG 
GTCT ACCCCT 
AGTGAGGCGT 
GTGCACACTG 
CTAGATGTGT 
GGACCAATTT 
GTGTACAACT 
CAAGCTACCT 
CCTTCCGCCA 
AAAAACAACT 
AATCCGCTCC 



8 5 2 0 
8S80 

8 6 4 0 

8 7 0 0 

8 7 6 0 

8 8 2 0 

8 8 8 0 

8 9 4 0 

9 0 0 0 
9 0 6 0 
9 12 0 
9 18 0 
9 2 4 0 
9 3 0 0 
9 3 6 0 
9 4 2 0 
9 4 8 0 
9 5 4 0 
9 6 0 0 
9 6 6 0 
9 7 2 0 
9 7 8 0 
9 8 4 0 
9 9 0 0 
9 9 6 0 

1 0 0 2 0 

1 0 0 8 0 

10 14 0 

1 0 2 0 0 

1 0 2 6 0 

1 0 3 2 0 

1 0 3 8 0 

1 0 4 4 0 

1 0 5 0 0 

1 0 5 6 0 

1 0 6 2 0 

1 0 6 8 0 

1 0 7 4 0 

1 0 8 0 0 

1 0 8 6 0 
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GAGCGGTGGA 
TT ATCAGGAC 
CTTATTCAGC 
AATGCCCCGT 
TGGAGAAAGG 
TATCGCTGTG 
TCGTGAGCAC 
GGAGTTGGCT 
TTTTTGCTTG 
CGACCAGCA A 
CATTAGATCC 
GGAAGCGCAG 
CTAGCGGACG 
CGTCTGC AT A 
AAAAAAAAAA 
CT AGAGCTCG 
CCTCCCCCGT 
ATGAGGAAAT 
GGCAGGACAG 
GCTCTATGGC 
CCTGTAGCGG 
TTGCCAGCGC 
CCGGCTTTCC 
TACGGCACCT 
CCTGATAGAC 
TGTTCCAAAC 
TTTTGGGGAT 
ATT AATTCTG 
GC AGAAGTAT 
GCTCCCCAGC 
CGCCCCTAAC 
ATGGCTGACT 
TCCAGAAGTA 
CTTGTATATC 
AAC AAGATGG 
ACTGGGCACA 
GGCGCCCGGT 
AGGC AGCGCG 
TTGTCACTGA 
TGTCATCTCA 



CTGTTCATAC 
ATCAGATGCA 
AGACTT CGGC 
ACATTCGCAT 
AGCGGTG ACA 
TGGGAAGAAG 
CCCGCACAAA 
GTTTGCCCTT 
CAGCATGATG 
AACTCGATGT 
CCGCTT ACCG 
TGCATAATGC 
CCAAAAACTC 
ACTTTTATTA 
AAAAAAAAAA 
CTGATCAGCC 
GCCTTCCTTG 
TGCATCGCAT 
CAAGGGGGAG 
TTCTGAGGCG 
CGCATTAAGC 
CCTAGCGCCC 
CCGTCAAGCT 
CGACCCCAAA 
GGTTTTTCGC 
TGGAACAACA 
TTCGGCCTAT 
TGGAATGTGT 
GCAAAGCATG 
AGGCAGAAGT 
TCCGCCCATC 
AATTTTTTTT 
GTGAGGAGGC 
CATTTTCGGA 
ATTGCACGCA 
ACAGACAATC 
TCTTTTTGTC 
GCTATCGTGG 
AGCGGGAAGG 
CCTTGCTCCT 



GGGAACATT C 
CCACTGGTCT 
GGGATGGCCA 
TCGAGCACAG 
GTACACTTTA 
ACAACATGCA 
AATGACCAAG 
TTCGGCGGCG 
CTGACT AGCA 
ACTTCCGAGG 
CGGGCAAT AT 
TOCGCAGTGT 
AATGTATTTC 
TTTCTTTTAT 
AAAAATCTAG 
TCGACTGTGC 
ACCCTGGAAG 
TGTCTGAGTA 
GATTGGGAAG 
GAAAGAACCA 
GCGGCGGGTG 
GCTCCTTTCG 
CT AAATCGGG 
AAACTTGATT 
CCTTTGACGT 
CTCAACCCTA 
TGGTTAAAAA 
GTCAGTTAGG 
CATCTCAATT 
ATGCAAAGCA 
CCGCCCCTAA 
ATTT ATGCAG 
TTTTTTGGAG 
TCTGATC AAG 
GGTT CTCCGG 
GGCTGCTCTG 
AAGACCGACC 
CTGGCCACGA 
GACTGGCTGC 
GCCGAGAAAG 



CCATTTCTAT 
CAACAGTC AA 
CCCTGCAGTA 
CAACTCTCCA 
GCACCGCG AG 
ATGCAGAATG 
AATTTC AAGC 
CCTCGTCGCT 
CACGAAGATG 
AACTGATGTG 
AGCAACACTA 
TGCCACATAA 
TGAGGAAGCG 
TAATCAACAA 
AGGGCCCT AT 
CTTCTAGTTG 
GTGCCACTCC 
GGTGTCATTC 
ACAATAGCAG 
GCTGGGGCTC 
TGGTGGTTAC 
CTTTCTT CCC 
GCATCCCTTT 
AGGGTGATGG 
TGGAGTCCAC 
TCTCGGTCTA 
ATGAGCTGAT 
GTGTGGAAAG 
AGTCAGCAAC 
TGCATCTCAA 
CTCCGCCCAG 
AGGCCGAGGC 
GCCTAGGCTT 
AGACAGGATG 
CCGCTTGGGT 
ATGCCGCCGT 
TGTCCGGTGC 
CGGGCGTTCC 
TATTGGGCGA 
T ATCCATCAT 



TGACATCCCG 
ATGTC AAGTC 
TGTATCCGAC 
AG AGTCG ACA 
TCCACAGGCG 
TAAACC ACCA 
CGCCATCTCA 
ATTAATTATA 
ACCGCTACGC 
CATAATGCAT 
AAAACTCGAT 
CCACTATATT 
TGGTGCATAA 
A ATTT TG TTT 
TCTATAGTGT 
CCAGCCATCT 
CACTGTCCTT 
TATTCTGGGG 
GCATGCTGGG 
TAGGGGGTAT 
GCGCAGCGTG 
TTCCTTTCTC 
AGGGTTCCGA 
TTCACGTAGT 
GTTCTTT AAT 
TTCTTTT GAT 
TTAACAAAAA 
TCCCCAGGCT 
CAGGTGTGGA 
TTAGTCAGCA 
TTCCGCCCAT 
CGCCTCTGCC 
TTGCAAAAAG 
AGGATCGTTT 
GGAGAGGCTA 
GTTCCGGCTG 
CCTGAATGAA 
TTGCGCAGCT 
AGTGCCGGGG 
GGCTGATGCA 



AACGCTGCCT 
AGTGAGTGCA 
CGCGAAGGT C 
GTACATGTCC 
AACTTTATCG 
GCTGACCATA 
AAAACAT CAT 
GGACTT ATGA 
CCCAATGATC 
C AGGCTGGT A 
GTACTTCCGA 
AACCATTTAT 
TGCCACGCAG 
TTAACATTTC 
CACCTAAATG 
GTTGTTTGCC 
TCCTAATAAA 
GGTGGGGTGG 
GATGCGGTGG 
CCCCACGCGC 
ACCGCTACAC 
GCCACGTTCG 
TTTAGTGCTT 
GGGCCATCGC 
AGTGGACTCT 
TTATAAGGGA 
TTTA ACGCGA 
CCCCAGGCAG 
AAGTCCCCAG 
ACCAT AGT CC 
TCTCCGCCCC 
TCTGAGCTAT 
CTCCCGGGAG 
CGCATGATTG 
TTCGGCT ATG 
TCAGCGCAGG 
CTGCAGGACG 
GTGCT CGACG 
CAGGATCTCC 
ATGCGGCGGC 



1 0 9 2 0 

1 0 9 8 0 

110 4 0 

1110 0 

1116 0 

112 2 0 

112 8 0 

113 4 0 

114 0 0 

114 6 0 

115 2 0 

115 8 0 

116 4 0 

117 0 0 

117 6 0 

118 2 0 

118 8 0 

119 4 0 
1 2 0 0 0 
1 2 0 6 0 
12 12 0 

12 18 0 
1 2 2 4 0 
1 2 3 0 0 
1 2 3 6 0 
1 2 4 2 0 
1 2 4 8 0 
1 2 5 4 0 
1 2 6 0 0 
1 2 6 6 0 
1 2 7 2 0 
1 2 7 8 0 
1 2 8 4 0 
1 2 9 0 0 
1 2 9 6 0 
1 3 0 2 0 
1 3 0 8 0 

13 14 0 
1 3 2 0 0 
1 3 2 6 0 



5,843,723 

169 170 

-continued 



TGCATACCCT TGATCCGGCT ACCTGCCCAT TCGACCACCA AGCGAAACAT CGCATCGAGC 13320 

GAGCACGTAC TCGGATGGAA GCCGGTCTTG TCGATCAGGA TGATCTGGAC GAAGAGCATC 13380 

AGGGGCTCGC GCCAGCCGAA CTGTTCGCCA GGCTCAAGGC GCGCATGCCC GACGGCGAGG 13440 

ATCTCGTCGT GACCCATGGC GATGCCTGCT TGCCCAATAT CATGGTGGAA AATCGCCGCT 13500 

TTTCTGGATT CATCGACTGT GGCCGGCTGG GTGTGGCGGA CCGCTATCAG GACATAGCGT 13560 

TGGCT ACCCG TGATATTGCT GAAGAGCTTG GCGGCGAATG GGCTGACCGC TTCCTCGTGC 13620 

TTTACGGTAT CGCCGCTCCC GATTCGCAGC GCATCGCCTT CTATCGCCTT CTTGACGAGT 13680 

TCTTCTGAGC GGGACTCTGG GGTTCGAAAT GACCGACCAA GCGACGCCCA ACCTGCCATC 13740 

ACGAGATTTC GATTCCACCG CCGCCTTCTA TGAAAGGTTG GGCTTCGGAA TCGTTTTCCG 13800 

GGACGCCGGC TGGATGATCC TCCAGCGCGG GGATCTCATG CTGGAGTTCT TCGCCCACCC 13860 

CAACTTGTTT ATTGCAGCTT ATAATGGTTA CAAATAAAGC AATAGCATCA CAAATTTCAC 139 20 

AAATAAAGCA TTTTTTTCAC TGCATTCTAG TTGTGGTTTG TCCAAACTCA TCAATGTATC 13980 

TTATCATGTC TGTATACCGT CGACCTCTAG CTAGAGCTTG GCGTAATCAT GGTCATAGCT 14040 

GTTTCCTGTG TGAAATTGTT ATCCGCTCAC AATTCCACAC AACATACGAG CCGGAAGCAT 14100 

AAAGTGTAAA GCCTGGGGTG CCTAATGAGT GAGCTAACTC ACATTAATTG CGTTGCGCTC 14160 

ACTGCCCGCT TTCCAGTCGG GAAACCTGTC GTGCCAGCTG CATTAATGAA TCGGCCAACG 14220 

CGCGGGGAGA GGCGGTTTGC GTATTGGGCG CTCTTCCGCT TCCTCGCTCA CTGACTCGCT 14280 

GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC TCAAAGGCGG TAATACGGTT 14340 

ATCCACAGAA TCAGGGGATA ACGCAGGAAA GAACATGTGA GCAAAAGGCC AGCAAAAGGC 14400 

CAGGAACCGT AAAAAGGCCG CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA 14460 

GCATCACAAA AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA 14520 

CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC TGCCGCTTAC 14580 

CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG CTTTCTCAAT GCTCACGCTG 14640 

TAGGTATCTC AGTTCGGTGT AGGTCGTTCG CTCCAAGCTG GGCTGTGTGC ACGAACCCCC 14700 

CGTTCAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG 14760 

ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT 14820 

AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA GAAGGACAGT 14880 

ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA AAAAGAGTTG GTAGCTCTTG 14940 

ATCCGGCAAA CAAACCACCG CTGGTAGCGG TGGTTTTTTT GTTTGCAAGC AGCAGATTAC 15000 

GCGCAGAAAA AAAGGATCTC AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA 15060 

GTGGAACGAA AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC 15 120 

CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT ATGAGTAAAC 15180 

TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT ATCTCAGCGA TCTGTCTATT 15240 

TCGTTCATCC ATAGTTGCCT GACTCCCCGT CGTGTAGATA ACTACGATAC GGGAGGGCTT 15300 

ACCATCTGGC CCCAGTGCTG CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT 15360 

ATCAGCAATA AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC 15420 

CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT CGCCAGTTAA 15480 

TAGTTTGCGC AACGTTGTTC CCATTGCTAC AGGCATCGTG GTGTCACGCT CGTCGTTTGG 15540 

TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGCGA GTTACATGAT CCCCCATGTT 15600 

GTGCAAAAAA GCGGTTAGCT CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC 15660 
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AGTGTTATCA CTCATGGTTA TGGCAGCACT GCATAATTCT CTT A CTGTCA TGCCATCCGT 1 5 7 2 0 

AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT AGTGTATGCG 15780 

GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT ACCGCGCCAC ATAGCAGAAC 15840 

TTTAAAAGTG CTCATCATTG GAAAACGTTC TTCGGGGCG A AAACTCTCAA GGATCTTACC 15900 

GCTGTTGAGA TCCAGTTCG A TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT 15960 

TACTTTCACC AGCGTTTCTG GGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG 16020 

AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC CTTTTTCAAT ATTATTGAAG 16080 

CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT GAATGTATTT AGAAAAATAA 16140 

ACAAATAGGG GTTCCGCGCA CATTTCCCCG AAAAGTGCCA CCTGACGTCG ACGGATCGGG 16200 

ACATCTAATG AAAGACCCCA CCTGTAGGTT TGGCAAGCTA GCTTAAGTAA CGCCATTTTG 16260 

CAAGGCATGG AAAAATACAT AACTGAGAAT AGAGAAGTTC AGATCAAGGT CAGGAACAGA 163 20 

TGGAACAGCT GAATATGGGC CAAACAGGAT ATCTGTGGTA AGCAGTTCCT GCCCCGGCTC 16380 

AGGGCCAAGA ACAGATGGAA CAGCTGAATA TGGGCCAAAC AGGATATCTG TGGTAAGCAG 16440 

TTCCTGCCCC GGCTCAGGGC CAAGAACAGA TGGTCCCCAG ATGCGGTCCA GCCCTCAGCA 16500 

GTTTCTAGAG AACCATCAGA TGTTTCCAGG GTGCCCCAAG GACCTGAAAT GACCCTGTGC 16560 

CTTATTTGAA CTAACCAATC AGTTCGCTTC TCGCTTCTGT TCGCGCGCTT CTGCTCCCCG 16620 

AGCTCAATAA AAGAGCCCAC AACCCCTCAC TCGGGG 16656 



( 2 ) INFORMATION FOR SEQ ED NChi 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

ATCTCTACGG TGGTCCTAAA TAGT 

( 2 ) INFORMATION FOR SEQ ID NO-.3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pahs 
( B )TYF& nndck acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

TATATTCTAG ATTTTTTTTT TTTTTTTTTT TTTTTTGAAA TG 

( 2 ) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nndck acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

TATATGGGCC CGATTTAGGT GACACTATAG ATTGACGGCG TAGTACAC 

( 2 ) INFORMATION FOR SEQ ID NO-5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
CTGGCAACCG GTAAGTACGA TAC 

( 2 ) INFORMATION FOR SEQ ID NO*: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*: 

ATACTAGCCA CGGCCGGTAT C 

( 2 ) INFORMATION FOR SEQ ED NO:7: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pain 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

TCCTCTTTCG ACGTGTCGAG C 



( 2 ) INFORMATION FOR SEQ ID NO:8c 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:& 

ACCTTGGAGC GCAATGTCCT G 



( 2 ) INFORMATION FOR SEQ ID NOA 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( x i ) SEQUENCE DESCRIPTION: SEQ CD NO*: 

CCTTTTCAGG GGATCCGCCA C 



( 2 ) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.tQ: 

GTGGCGGATC CCCTGAAAAG G 



( 2 ) INFORMATION FOR SEQ ID NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
TGGGCCGTGT GGTCGTCATG 

( 2 ) INFORMATION FOR SEQ ID NO:l2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 21 base pairs 
( B )TYFE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TGGGTCTTCA ACTCACCGGA C 

( 2 ) INFORMATION FOR SEQ ID NO:U: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CAATTCGACG TACGCCTCAC TC 

( 2 ) INFORMATION FOR SEQ ID NO: 1 4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pahs 
< B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.14: 

GAGTGAGGCG TACGTCGAAT TG 



( 2 ) INFORMATION FOR SEQ Q> NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

TATATAGATC TAATGAAAGA CCCCACCTGT AGG 



( 2 ) INFORMATION FOR SEQ ID NO-.16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

TCAATCCCCG AGTGAGGGGT TGTGGGCTCT TTTATTGAGC 



( 2 ) INFORMATION FOR SEQ ID NO:17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pahs 
( B )TYFE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:17: 
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CCACAACCCC TCACTCCCOG ATTGACGGCG TAGTAC 

( 2 ) INFORMATION FOR SEQ ID NO: 18: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 biic paira 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO=l& 

CTGGCAACCG GTAAGTACGA TAC 

( 2 ) INFORMATION FOR SEQ ID NO:lS>: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GGTAACAAGA TCTCGTGCCG TG 

( 2 ) INFORMATION FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 53 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( z i ) SEQUENCE DESCRIPTION: SEQ W NO: 20: 

TATATATATA TGCGGCCGCT TTCTTTTATT AATCAACAAA ATTTTGTTTT T A A 

( 2 ) INFORMATION FOR SEQ ID NO:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

TATATGAGCT CTTTTTTTTT TTTTTTTTTT TTTTTTGAAA TGTTAAAA 



( 2 ) INFORMATION FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.22; 

TATATCTCGA GGGTGGTGTT GTAGTATTAG TC AG 



( 2 ) INFORMATION FOR SEQ ID NO-.23: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



TATATGGGCC CTTAAGACCA TCGGAGCGAT GCTTT AT T T C CCC 
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( 2 ) INFORMATION FOR SBQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

TCTCTACGGT GGTCCTAA 



( 2 ) INFORMATION FOR SEQ ID NCh25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Scr Leo Aig Trp Ser 
1 5 



( 2 ) INFORMATION FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pahs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.26: 

CATCTCTACG GTGGTCCTAA ATAGTC 



( 2 ) INFORMATION FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.27: 

TCGAGACTAT TTAGGACCAC CGTAGAGATG GGCC 



( 2 ) INFORMATION FOR SEQ ID NOl28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.2& 

CCCTTGTACG GCTAACCTAA AGGAC 



( 2 ) INFORMATION FOR SEQ ID N029: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 



TCGAGTCCTT TAGGTTAGCC GTACAAGGGG GCC 
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( 2 ) INFORMATION FOR SEQ ID NO:3Ch 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pain 
( B )TYP& nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.30: 

CATCGCTACG GTGGTCCTAA ATAGTC 

( 2 ) INFORMATION FOR SEQ ID NO-J1: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pain 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

TCGAGACTAT TTAGGACCAC CGTAGCGATG GGCC 

( 2 ) INFORMATION FOR SEQ ID NO-J2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CGGAAATAAA GCATCTCTAC GGTGGTCCTA AATAGTCAGC ATAGTACC 

( 2 ) INFORMATION FOR SEQ ID NO:33: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 base pairs 
( B ) TYPE; noclcic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO-.33: 

TCGAGGTACT ATGCTGACTA TTTAGGACCA CCGTAGAGAT GCTTTATTTC CGGGCC 

( 2 ) INFORMATION FOR SEQ ID NO-34: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

TATATGCGGC CGCTCTAGAT TACAATTTGG ACTTTCCGCC C 

( 2 ) INFORMATION FOR SEQ ID NO-.35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.35: 

TATATATGAG CTCTTACAAA TAAAGCAATA GCATCACAAA TTTC 



( 2 ) INFORMATION FOR SEQ ID NOJ6: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

TATATGAATT CCTTTGGACA AACCACAACT AGAATG 36 



( 2 ) INFORMATION FOR SEQ ID NCh37: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pain 
( B ) TYPE: nucleic acid 
< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

TATATATGAG CTCTAATAAA ATGAGGAAAT TGCATCGCAT TGTC 44 



( 2 ) INFORMATION FOR SEQ ID NO:38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B ) TYPE: nodetc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NOz3& 

TATATGAATT CATAGAATGA CACCTACTCA GACAATGCGA TGC 4 3 



( 2 ) INFORMATION FOR SEQ ID NO:39: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 46 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO--39: 

TATATGAGCT CGGGTCGGCA TGGCATCTCC ACCTCCTCGC GGTCCG 46 



( 2 ) INFORMATION FOR SEQ ID NO:40: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 52 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:40t 

TCCACCTCCT CGCGGTCCGA CCTGGGCATC CGAAGGAGGA CGCACGTCCA CT 52 



( 2 ) INFORMATION FOR SEQ ID NO:41: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:41: 

TATATGAGCT CCTCCCTTAG CCATCCGAGT GGACGTGCGT CCTCCTTC 48 



( 2 ) INFORMATION FOR SEQ ID NO:42: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 base pans 



5,843,723 

185 186 

-continued 



( B ) TYPE: nucleic acid 

( C ) STRANDEDNESS: single 

( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

TATATGCGCC CGCTTTCTTT TATTAATCAA CAAAATTTTG TTTTTAA 

( 2 ) INFORMATION FOR SEQ ID NCM3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:43: 

TATATGAGCT CGAAATGTTA AAAACAAAAT TTTGTTG 

( 2 ) INFORMATION FOR SEQ ID NO:44: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ Q> NO: 44: 

TATATATAGA TCTTTGACAT T G AT T ATT GA C T AG 



( 2 ) INFORMATION FOR SEQ ID NO:45: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:45: 
CCGTCAATAC GGTTCACTAA ACGAGCTCTG CTTATATAGA CC 



( 2 ) INFORMATION FOR SEQ ID NO:46: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

GCTCGTTTAG TGAACCGTAT TGACGGCGTA GT AC AC AC 



( 2 ) INFORMATION FOR SEQ ID NO:47: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOr47: 

TATATATAGA TCTGGTGTGG AAAGTCCCCA GGC 



( 2 ) INFORMATION FOR SEQ ID NO:48: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:48: 
CTACCCCGTC AATGCCGAGC CGGCCTCGGC C 

( 2 ) INFORMATION FOR SEQ ID NO:49: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4J>: 

GGCCGCCTCG GCATTGACGG CGTAGTACAC ACT ATTG 

( 2 ) INFORMATION FOR SEQ ID NO30: 

< i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 41 base pairs 

< B ) TYPE: nucleic acid 

( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

TATATATCTC GAGAAGCTCT AAGGTAAATA TAAAATTTAC C 



( 2 ) INFORMATION FOR SEQ ID NO:51: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:51: 

TATATATCTC GAGAGGTTGG AATCTAAAAT ACACAAAC 



( 2 ) INFORMATION FOR SEQ ID N032: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 base pairs 
( B )TYPE: nnclek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.52: 

TATATATGCG GCCGCAAGCT CTAAGGTAAA TATAAAATTT ACC 



( 2 ) INFORMATION FOR SEQ ID NO-.53: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOt53: 

TATATATGCG GCCGCAGGTT GGAATCTAAA ATACACAAAC 



( 2 ) INFORMATION FOR SEQ ED NO:54: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nnclek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:54: 
TCGACCACGT GGCGCCCCTG ATCACGCGTA GGCCT 



( 2 ) INFORMATION FOR SEQ ID NOiSS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:55: 

CTAGAGGCCT ACGCGTGATC AGGCGCGCCA CGTGC 



( 2 ) INFORMATION FOR SEQ ID NO-.S6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:56: 

TATATCTCCA GATGAGGTAC ATGATTTTAG GCTTG 



( 2 ) INFORMATION FOR SEQ ID NOt57: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B )TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:57: 

TATATATCGA TTCAAGGCAT TTTCTTTTCA TCAATAAAAC 

( 2 ) INFORMATION FOR SEQ ID NO:58: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5& 

TATATCTCCA GATGATGACA ATGTGGTGTC TGACG 



( 2 ) INFORMATION FOR SEQ ID NO-.59: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 32 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.59: 

TATATATCGA TTCATGACGA CCGGACCTTG CG 



( 2 ) INFORMATION FOR SEQ ID NOtfO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 28 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NOrfOt 
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T AT ATGGGCC CCCCCCCCCC CCCCAACG 

( 2 ) INFORMATION FOR SEQ ID NOrfl: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairs 
( B ) TYPE: nodcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:61: 

TATATATCGA TCCCCCCCCC CCCCCCAACG 

( 2 ) INFORMATION FOR SEQ ID NOt62: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:62: 

TATATCCATG GCTTACAATC GTGGTTTTCA AAGG 

( 2 ) INFORMATION FOR SEQ ID Mfc63: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh63: 

TATATGGGCC CTCGATGAGT CTGGACGTTC CTC 



( 2 ) INFORMATION FOR SEQ ID NOt64: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:64: 

TATATATCGA TTCGATGAGT CTGGACGTTC CTC 



( 2 ) INFORMATION FOR SEQ ID NO*5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh65: 

TATATCCATG GATCCAATTT GCTTTATGAT AACAATC 



( 2 ) INFORMATION FOR SEQ ID NOtf6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NCh66: 



TATATGGGCC CGGTCGACGC CGGCCAAGAC 
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( 2 ) INFORMATION FOR SEQ ID NOt67: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 30 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:67: 

TATATATCGA TGGTCGACGC CGGCCAAGAC 

( 2 ) INFORMATION FOR SEQ ID NCh68: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOi6& 

TATATCCATG GTGCCAGCCA GTTGGGCAGC AG 

( 2 ) INFORMATION FOR SEQ ID NO:69: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
( B ) TYPE naclcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:69: 

TTAATTAACG GCCGCCACCA TGG 

( 2 ) INFORMATION FOR SEQ ID NO: 70: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.70: 

TAACGGCCGC CAC 

( 2 ) INFORMATION FOR SEQ ID NO:71: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:71: 

CCATGGTGGC GGC CGTT A AT 



( 2 ) INFORMATION FOR SEQ ID NO:72: ' 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 

GGTTTAAACA GGAGCT 



( 2 ) INFORMATION FOR SEQ ID NO:73: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B )TYPE: nucleic add 
( C ) STRAND EDNESS: single 
( D ) TOPOLOGY: I bear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:73: 

CCTGTTTAAA CCAGCT 16 



( 2 ) INFORMATION FOR SEQ ID NO:74: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.74: 

TATATGCGGC CGCACCACCA CCATGAATAG AGGATTCTTT AACATGC 47 



( 2 ) INFORMATION FOR SEQ TD NO:75: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:75: 

TATATGCGGC CGCTCATCTT CGTGTGCTAG T C AG 



( 2 ) INFORMATION FOR SEQ ID NO:76: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 61 base pairs 
( B )TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.76: 

TATATGCGGC CGCATCTCTA CGGTGGTCCT AAATAGTACC ACCACCATGA ATAGAGGATT 60 



( 2 ) INFORMATION FOR SEQ ID NO:77: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO-.77: 

CTCATCGATC AGATCTGACT AGTTG 

( 2 ) INFORMATION FOR SEQ TD NCfc78: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 78: 

GATCCAACTA GTCAGATCTG ATCGATGAGG GCC 



( 2 ) INFORMATION FOR SEQ ID NO:79: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 56 base pairs 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:79: 

ACTTATCGAT GCTTCTAGAC TCCCTTAGCC ATCCGAGTGG ACGTGCGTCC TCCTTC 56 



( 2 ) INFORMATION FOR SEQ ID NOSO: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 52 base pairs 
( B ) TYPE: nndek acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY linear 

( x j ) SEQUENCE DESCRIPTION: SEQ ID NO:80c 

TCCACCTCCT CGCGGTCCGA CCTGGGCATC CGAAGGAGGA CGCACGTCCA CT 52 



( 2 ) INFORMATION FOR SEQ ID NO£l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 57 base pairs 
( B )TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:81: 

TCGGACCGCG AGGAGGTGGA GATGCCATGC CGACCCATTG ACGGCGTAGT ACACACT 5 7 



( 2 ) INFORMATION FOR SEQ ID NCh82: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:82: 

CTGGACTAGT TAATACTGGT GCTCGGAAAA CATTCT 36 



( 2 } INFORMATION FOR SEQ ID NO-.83: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 40 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:83: 

GTCAAGCTTG CTAGCTACAA CACCACCACC ATGAATAGAG 40 



( 2 ) INFORMATION FOR SEQ ID NO£4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:84: 

CAGTCTCGAG TTACTACCAC TCTTCTGTCC CTTCCGGGGT 40 



( 2 ) INFORMATION FOR SEQ ID NO£5: 



( i ) SEQUENCE CHARACTERISTICS: 
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( A ) LENGTH: 43 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOtftS: 

TATATGCGGC CGCACCACCA TGTCCGCAGC ACCACTGGTC ACG 

( 2 ) INFORMATION FOR SEQ ID NO£6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOt86: 

TATATAGATC TCTTGATCAG CTTCAGAAGA TGGC 

( 2 ) INFORMATION FOR SEQ ID NO£7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ CD NO: 87: 

TCAATGGCGG GAAGAGGCGG TTGG 

( 2 ) INFORMATION FOR SEQ ID NCh88: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pain 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOt8& 

CCGCCTCTTC CCGCCATTGA CGGCGTAGTA C 

( 2 ) INFORMATION FOR SEQ ID NOS9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO-.89: 

TATATAGATC TCTTGATCAG CTTCAGAAGA TGGC 

( 2 ) INFORMATION FOR SEQ ED NOt9Ch 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pais 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO^Ot 

TATATATATG CGGCCGCACC GCCAAGATGT TCCCGTTCCA GCCA 

( 2 ) INFORMATION FOR SEQ ED NOS1: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE: nucleic add 
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( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:91: 

TATATATATG CGGCCGCTCA ATTATGTTTC TGGTTGGT 



3 8 



( 2 ) INFORMATION FOR SEQ ID N0^2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS2: 

CTCGAGCTCG AGGCACCAGC ACCATGCAAC TTTTT 

( 2 ) INFORMATION FOR SEQ CD NOS3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base paire 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:93: 

CTACTAGATC CCTAGATCCT GGATCTTCC 

( 2 ) INFORMATION FOR SEQ ID NOS4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:94: 

GGAAGATCCA GCATCTAGGG ATCTAGTAG 



( 2 ) INFORMATION FOR SEQ ED N045: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:95: 

GGGCGATATC AAGCTTATCG ATACCG 



( 2 ) INFORMATION FOR SEQ ID NOS6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pairs 
( B ) TYPE: nndeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO#6: 

GGGCGATATC AAGCTTATCG ATACCG 26 



( 2 ) INFORMATION FOR SEQ ED NOS7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:97: 
AATACGACTC ACTATAGGG 

( 2 ) INFORMATION FOR SEQ ID NOS& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOt9& 

CTACTAGATC CCTAGATGCT GGATCTTCC 

( 2 ) INFORMATION FOR SEQ ID NO£9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO#9: 

ATTAACCCTC ACTAAAG 

( 2 ) INFORMATION FOR SEQ ID MfclOOt 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: LOO. 

GGAAGATCCA GCATCTAGGG ATCTAGTAG 

( 2 ) INFORMATION FOR SEQ ID NOrlOL- 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.101: 

ATTAACCCTC ACTAAAG 



( 2 ) INFORMATION FOR SEQ ID NO: 102: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 102: 

AATACGACTC ACTATAGGG 



( 2 ) INFORMATION FOR SEQ ID NO-.103: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:HB: 
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CCTCGAGCTC GAGCTTGGGT GGCTTTGGGG C AT G 34 

( 2 ) INFORMATION FOR SEQ ID NO: 104: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH; 17 base pain 
( B ) TYPE: nndck acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 104: 

ATTACCCCTC A C T A A AG 17 

( 2 ) INFORMATION FOR SEQ ED NO: 105: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pain 
( B ) TYPE: nodck add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCREPTION: SEQ ID NO:105: 

CCCTCGAGCT CGAGGGGTCA CTGAGAAACT AGAAAAAGAA T TAG 44 

( 2 ) INFORMATION FOR SEQ ID NO: 106: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 37 base pahs 
( B ) TYPE: uoctek acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO: 106: 

CCGCGGCCGC GTATCTGTGG GAGCCTCAAG GG AG A AC 3 7 

( 2 ) INFORMATION FOR SEQ ED NO-.107: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:107: 

CGCGCGGGCC CTGTGACATT GAATAGAGTG AGGGTCCTGT TGGG 44 

( 2 ) INFORMATION FOR SEQ ED NO-.10& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 base pans 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:108: 

AAAGGTTTCA CATTTGTAGC TTGCTGTGTC ATTGCGATCT CTACG 45 

< 2 ) INFORMATION FOR SEQ ED NO: 109: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 45base pairs 
( B )TYPE: nodek add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 109: 

GTGGTCCTAA ATAGTTCACT CTATTCAATG TCACACTCGA GCCGG 45 
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( 2 ) INFORMATION FOR SEQ ID NOillOt 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 33 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOillO: 

TATATTCTAG AGCAAGCAAC AGTT ACTGCG ACG 3 3 

( 2 ) INFORMATION FOR SEQ ID NO:lll: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 33 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:Lll: 

TATATATCGA TCCGAAGCGT AGAGTCACAC TTG 3 3 

( 2 ) INFORMATION FOR SEQ ID NO:112: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:112: 

TTAACTGTCA A A AG C C AC 18 

( 2 ) INFORMATION FOR SEQ ED NO:U3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 68 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO: 113: 

CGATGTGGCT TTTAGATGTT AAACCAGAGA AACACACGGA CTTCGGTCCG TGGTATATTA 60 

GCTGGTAT 6 8 

( 2 ) INFORMATION FOR SEQ ED NO: 11 4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 70 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO: LI 4: 

CTAGATACCA GCTAATATAC CACGGACCGA AGTCCGTGTG TTTCTCTGGT TTAACATCTA 60 

AAAGCCACAT 7 0 

( 2 ) INFORMATION FOR SEQ ID NO-.115: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pairs 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:115: 
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TATATCTCGA G A C C A C CAT G AGTGCTGTAA GTAATAGGAA GC 42 

( 2 ) INFORMATION FOR SEQ ID NO: 11 6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:116: 

TATATCTCGA GCTAGAAGGC AAACCTAACA CCCAAC 36 

( 2 ) INFORMATION FOR SEQ ID NO: 11 7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.U7: 

TATATGGGCC CTACATGTCC CACTGTTCAA G 3 1 

( 2 ) INFORMATION FOR SEQ ID NO: 11 8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:118: 

TATATGGGCC CGTACGGAAG GAAAGAAGTC A 3 1 

( 2 ) INFORMATION FOR SEQ ID NO: 11 9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 119: 

TATATGGGCC CATTTTGGTT TTGCTATGCG TA 32 

( 2 ) INFORMATION FOR SEQ ID NO:120t 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 120: 

TCTCTGTCCT CCATGA 16 

( 2 ) INFORMATION FOR SEQ ID NO: 121: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 66 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.121: 

TCGAGTCATG GAGAGAGGAG AACCAGAGAA ACACACGGAC TTC GGTCCGT GGTATATTAC 60 
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CTGGAT 66 

( 2 ) INFORMATION FOR SEQ ID NO: 122: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 64 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:122: 

CGATCCAGGT AATATACCAC GGACCGAAGT CCGTGTGTTT CTCTGGTTCT CCTCTCTCCA 60 

TGAC 64 

( 2 ) INFORMATION FOR SEQ ID NO: 123: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l23: 

GCCTCGAGAC AATGTACAGG ATGCAACTCC TGTCT 35 

( 2 ) INFORMATION FOR SEQ ID NO:124; 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 124: 

GAATCGATTT ATCAAGTCAG TGTTGGAGAT GATGCT 3 6 

( 2 ) INFORMATION FOR SEQ ID NOL25: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B )TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO.125: 

TATATGGGCC CATCGAGGTG AGAAAGAGGA C 3 1 



( 2 ) INFORMATION FOR SEQ ID N012& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 126: 

TATATGGGCC CTGT AT CTGG CGGACCCGTG G 3 1 



( 2 ) INFORMATION FOR SEQ ID NO:127: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ Q> NO:l27: 
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TATATGGGCC CGCAGACAAG ACGCGCGGCG C 31 



( 2 ) INFORMATION FOR SEQ ID NO: 128: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singe 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 1 28; 

AUCUCUACGG UGGUCCUAAA UAGU 



We claim: 

1. An alphavirus vector construct, comprising a promoter 
5* of viral cDNA which inititates the synthesis of RNA from 
the viral cDNA by a process of in vitro transcription, 20 
followed by a 5* sequence which initiates transcription of 
alphavirus RNA, followed by a nucleotide sequence encod- 
ing alphavirus non-structural proteins, a viral junction 
region which has been inactivated such that viral transcrip- 
tion of a subgenomic fragment is prevented, an internal 25 
ribosome entry site or a sequence which promotes ribosome 
read through between adjacent reading frames, and an 
alphavirus RNA polymerase recognition sequence. 

2. An alphavirus vector construct, comprising a promoter 

5* of viral cDNA which initiates the synthesis of RNA from 30 
the viral cDNA by a process of in vitro transcription, 
followed by a 5' sequence which initiates transcription of 
alphavirus RNA, followed by a nucleotide sequence encod- 
ing alphavirus non-structural proteins, a viral junction 
region which has been modified such that viral transcription 35 
of a subgenomic fragment is reduced, an internal ribosome 
entry site or a sequence which promotes ribosome 
readthrough between adjacent reading frames, and an 
alphavirus RNA polymerase recognition sequence. 

3. An alphavirus vector construct, comprising a promoter 40 
5* of viral cDNA which initiates the synthesis of RNA from 
the viral cDNA by a process of in vitro transcription, 
followed by a 5' sequence which initiates transcription of 
alphavirus RNA, followed by a nucleotide sequence encod- 
ing alphavirus non-structural proteins, a First viral junction 45 
region which has been inactivated such that viral transcrip- 
tion of a subgenomic fragment is prevented, a second viral 
junction region which has been modified such that viral 
transcription of the subgenomic fragment is reduced, an 
internal ribosome entry site or a sequence which promotes so 
ribosome readthrough between adjacent reading frames, and 
an alphavirus RNA polymerase recognition sequence. 

4. An alphavirus cDNA vector construct comprising a 
promoter 5' of viral cDNA which initiates the synthesis of 
RNA from the viral EDNA within a cell, followed by a 5* 55 
sequence which initiates transcription of alphavirus RNA, 
followed by a nucleotide sequence encoding alphavirus 
non-structural proteins, a viral junction region consisting of 
(i) all active viral junction region, (if) a viral junction region 
which has been modified such that viral transcription of a 60 
subgenomic fragment is reduced, and (iii) a viral junction 
region which has been inactivated such that viral transcrip- 
tion of a subgenomic fragment is prevented, and an alphavi- 
rus RNA polymerase recognition sequence. 

5. An alphavirus cDNA vector construct comprising a 65 
promoter 5 r of viral cDNA which initiates the synthesis of 
RNA from the viral cDNA within a cell, followed by a 5' 
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sequence which initiates transcription of alphavirus RNA, a 
nucleotide sequence encoding alphavirus non-structural 
proteins, a first viral junction region which has been inac- 
tivated such that viral transcription of the subgenomic 
fragment is prevented, followed by a second viral junction 
region which has been modified such that viral transcription 
of the subgenomic fragment is reduced, and an alphavirus 
RNA polymerase recognition sequence. 

6. A vector construct according to any one of claims 1 to 
5, further comprising a polyadenylation sequence. 

7. A vector construct according to any one of claims 1 to 
5 wherein said alphavirus is selected from the group con- 
sisting of Venezuelan Equine Encephalitis, Ross River and 
Semlflri Forest viruses. 

8. A vector construct according to any one of claims 1 to 
5 wherein said alphavirus is Sindbis virus. 

9. A vector construct according to any one of claims 1 to 
5, further comprising a selected heterologous nucleotide 
sequence. 

10. A vector construct according to claim 9 wherein said 
vector construct contains a selected heterologous nucleotide 
sequence ranging in size from about 100 bases to about 8 kb. 

11. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is a sequence 
encoding a protein selected from the group consisting of 
IL-12, IL-15, and GM-CSE 

12. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is IL-2. 

13. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is obtained from 
a virus selected from the group consisting of influenza virus, 
respiratory syncytial virus, HFV, HBV, HIV, HSV, FeLV, 
FIV, HTLV-I, HTLV-II, and CMV 

14. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is obtained from 
a hepatitis C virus. 

15. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is selected from 
the group consisting of an antisense sequence, a non-coding 
sense sequence, and a ribozyme sequence. 

16. A vector construct according to any one of claims 1 to 
5 wherein said vector construct contains no alphavirus 
structural protein genes. 

17. A vector construct according to any one of claims 1 to 
5 wherein a selected heterologous nucleotide sequence is 
located downstream from said viral junction region. 

18. A vector construct according to claim 2 or 5 wherein 
a selected heterologous nucleotide sequence is located 
downstream from said second viral junction region. 

19. A vector construct according to claim 9 wherein said 
selected heterologous nucleotide sequence is located within 
a nucleotide sequence encoding alphavirus non-structural 
proteins. 



5,843,723 

215 216 

20. A vector construct according to claim 1, 3, 4, or 5 cell line comprises an expression cassette which directs the 
wherein said inactivated viral junction region consists of the expression of VS V-G. 

nucleotide sequence as shown in Sequence ID: No. 1, from 38. A packaging cell line according to claim 37, further 

nucleotide number 7579, to nucleotide 7597. comprising an expression cassette which directs the expres- 

21. A vector construct according to claim 3 or 5 further 5 s j on Q f one or more alphavirus structural proteins, 
comprising an adenovirus L3 gene or CMV H301 gene. 39 A pac kaging cell line according to claims 30 or 37 

22. A vector construct according to claim 3 or 5 further whe rein said cell line expresses a gene product which 
comprising a non-alphavirus packaging sequence. suppresses apoptosis. 

23. The vector construct according to claim 3 or 5 further ^ ^ ^ according t0 claim 39 wherein said 
^f^^ytTBBScnphontc^tionsi^ 10 gene product is encoded by a geoe selected from the group 

24. The vector construct according to claim 23 wherein of ^ on adenovirus EIB gene encoding 
said transcription termination site is a termination/ + ntTX A - . 1 * * * %a c 5 

f j 1 i* a 19-kD protein, herpes simplex virus type 1 V34-5 gene, and 

polyadenylation sequence. . .„ m ;, L I • « 

25. A recombinant alphavirus particle which, upon intro- AcMNPV baculovims p35 gene. 

duction into at BHK cell, produces an infected cell which is 15 41 ^ d P havirus P roducer « n ^ comprising a pack- 
viable at least 72 hours after infection. according to claim 30, and an alphavirus 

26. A recombinant alphavirus particle which, upon intro- vcctor construct or alphavirus cDNA vector construct, 
duction into a BHK cell, produces an infected cell which is wherein ^ Producer cell line produces recombinant 
viable at least 72 hours after infection, said particle also alphavirus particles. 

carrying a vector construct which directs the expression of 20 42. An alphavirus producer cell line according to claim 41 

at least one antigen or modified form thereof in target cells wherein said recombinant alphavirus particles infect human 

infected with the alphavirus particle, wherein said antigen or . . 

modified form thereof stimulates an immune response 43. An alphavirus producer cell line according to claim 41 

within an animal wherein said producer cell line inducibly produces recom- 

27. A recombinant alphavirus particle according to claim 25 bin ** 1 alphavirus particles. 

26 wherein the expressed antigen elicits an immune 44. An alphavirus producer cell line according to claim 41 

response selected from the group consisting of a cell- wherein said producer cell line produces recombinant 

mediated immune response, a HLA Class I- restricted alphavirus particles in response to a differentiation state of 

immune response, and a HLA Class Il-restricted immune said P roducer ^ n line * 

response 30 45. A producer cell line suitable for packaging and pro- 

28. A cell infected with a recombinant alphavirus particle duction of a recombinant alphavirus particle, wherein the 
according to any one of claims 25 to 27. producer cell line comprises an expression cassette which 

29. A cell according to claim 27 wherein said cell is a ^ expression of gag/pol, an expression cassette 
mammalian cell which directs the expression of env, and an alphavirus vector 

30. A packaging cell line which inducibly expresses 35 construct containing a retroviral packaging sequence, 
alphavirus structural proteins, and which, upon introduction 46 A Producer cell line suitable for packaging and pro- 
of an alphavirus vector construct, produces recombinant ^ ctioQ of a recombinant alphavirus particle, wherein the 
alphavirus particles. producer cell line comprises one or more expression cas- 

31. A packaging cell line according to claim 30 derived «to ^ch direct the expression of non-alphaviral struc- 
from mammalian cells. 40 ^ proteins, and an alphavirus vector construct comprising 

32. A packaging cell line according to claim 30 derived a packaging sequence corresponding to a virus from which 
from mammalian cells. me non-alphaviral structural proteins are derived. 

33. A packaging cell line according to claim 32 derived 47 Amethod for producing , recombmant alphavirus par- 
from insect cells tides from a packaging cell line, the method comprising 

34. A packaging cell line according to claim 32 wherein 45 introducing an alphavirus vector construct into a packaging 
said insect cells are mosquito cells. cell line according to any one of claims 30 to 41 by a process 

35. A packaging cell line according to claim 30 wherein selected from the group consisting of (1) transfecUon of the 
the packaging cell line, upon introduction of a vector packaging cell line with a eukaryotic layered vector initia- 
construct, produces alphavirus particles which infect human Uon system, M) transfecUon of the packaging cell line with 
ceWs 5 0 RNA transcribed in vitro from an alphavirus vector 

36. A packaging cell line according to claim 30 wherein construct, and (iii) infection of the packaging cell line with 
an alphavirus inhibitory protein is not produced. recombmant alphavirus particles. 

37. A packaging cell line suitable for packaging and 

production of an alphavirus vector, wherein the packaging * * * * * 
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ABSTRACT 



Methods of prophylactic and therapeutic immunization of an 
individual against pathogen infection, diseases associated 
with hyperproliferativc cells and autoimmune diseases are 
disclosed. The methods comprise the steps of administering 
to cells of an individual, a nucleic add molecule that 
comprises a nucleotide sequence that encodes a protein 
which comprises at least one epitope that is identical or 
substantially similar to an epitope of a pathogen antigen, a 
hyperproliferative cell associated protein or a protein asso- 
ciated with autoimmune disease respectively. In each case, 
nucleotide sequence is operably linked to regulatory 
sequences to enable expression in the cells. The nucleic acid 
molecule is free of viral particles and capable of being 
expressed in said cells. The cells may be contacted cells with 
a cell stimulating agent Methods of prophylactically and 
therapeutically immunizing an individual against HTV are 
disclosed. Pharmaceutical compositions and kits for prac- 
ticing methods of the present invention are disclosed 

9 Claims, 12 Drawing Sheets 



5,593,972 

Page 2 



OTHER PUBLICATIONS 

Yang et al., "In vivo and in vitro gene transfer to mammalian 
somatic cells by particle bombardment," Proc Natl Acad. 
ScL USA, 87:9568-9572, 1990. 

Zelenin ct al., ,, High-vclocity mechanical DNA transfer of 
the chloramphcnicolacetyl transferase gene into rodent liver, 
kidney and mammary gland cells in organ explains and in 
vivo," FEBS Letts., 280:94-96, 1991. 
Acsath et al., "Human dystrophin expression in mdx mice 
after intramuscular. injection of DNA constructs," Nature 
352:815-818, 1991. 

Anderson, W. French, 'Prospects for Human Gene 
Therapy," Science 226:401^09, 1984. 
Anflionis et al., "Structure of the glycoprotein gene in rabies 
virus," Nature 294:275278, 1981. 

Benoit et al., "Destruction and regeneration of skeletal 
muscle after treatment with a local anaesthetic, bupivacainc 
(Marcaine®)," /. Anat. 107:547-556, 1970. 
Berman et al., "Protection of chimpanzees from infection by 
HTV-1 after vaccination with recombinant glycoprotein 
gp!20 but not gpl60," Nature, 345:622-625, 1990. 
Brigham et al., "Rapid Communication: In Vivo Transfec- 
tion of Murine Lungs with a Functioning Prokaryolic Gene 
Using A Liposome Vehicle," American Journal of the Medi- 
cal Sciences. 298:278-281, 1989. 

Chaudhary et al. T "A rapid method of cloning functional 
variable-region antibody genes in Escherichia coli as sin- 
gle-chain immunotoxins," Proc Natl Acad, ScL USA, 
87:1066-1070, 1990. 

Chen et al., "HTV-1 gp41 contains two sites for interaction 
with several proteins on the helper T-lymphoid cell line, 
H9," AIDS, 6:533-539, 199Z 

Cheng-Mayer et al., "Human Inimunodeficiency virus can 
productively infect cultured human glial cells," Proc Natl 
Acad. Sci USA, 84:3526-3530, 1987. 
Crowe et al., "Improved cloning efficiency of polymerase 
chain reaction (PGR) products after proteinase K digestion", 
Nucleic Acids Research, 19:184, 1991. 
Desquerme--Clark et al., "T-cell receptor peptide inummi- 
zation leads to. enhanced and chronic experimental allergic 
encephalomyelitis" Proc Natl Acad. Set USA, 
88:7219-7223, 1991. 

Di Fiore et al., "erbB-2 Is a Potent Oncogene When Over- 
expressed in NIH/3T3 Ceils," Science, 237:178-182, 1987. 
Dubensky et al., 'Direct transfection of viral and plasmid 
DNA into the liver of spleen of mice," Proc. Natl Acad Sci 
USA, 81:7529-7533, 1984. 

Feigner et al., "Gene Therapeutics," Nature, 349:351-352, 
1991. 

Fisher et al., "A molecular clone of HTLV-m with biologi- 
cal activity," Nature, 316:262-265, 1985. 
Fisher et al., "HIV infection is blocked m vitro by recom- 
binant soluble CD4," Nature, 331:76-78, 1988. 
Goudsmit el al., 'Human antibody response to a strain-spe- 
cific HTV-1 gp!20 epitope associated with cell fusion inhi- 
bition," AIDS, 2:157-164, 1988. 

Hahn el al., "Suppression of Murine Lupus Nephritis By 
Administration of an Anti-Idiotypic Antibody to 
Anti-DNA," J. of Immunology, 132:187-190, 1984. 
Hall-Craggs, E. C B„ -Rapid Degeneration and Regenera- 
tion of a Whole Skeletal Muscle FoUowing Treatment with 
Bupivacain (Marcam)," Experimental Neurology, 
43:349-358, 1974. 



Howley, Peter M„ "Papillomavirinac and Their Replica- 
lion," Virology, Chapter 58:1625-1650, 1990. 
Howell et al. v "Limited T-cell receptor Beta-chain hetero- 
geneity among inter! cukin 2 receptor-positive synovial T 
cells suggests a role for superantigen in rheumatoid arthri- 
tis," Proc. Natl. Acad. ScL USA, 88:10921-10925, 1991. 
Israel et al., "Biological Activity of Polyoma Viral DNA in 
Mice and Hamsters," /. of Virology, 29:990-996. 1979. 
Klein ct al., 'Transfonnation. of Microbes, Plants and Ani- 
mals by Particle Bombardment," Bio/Technology, 
10:286-291, 1992. 

Koenig et al., "Detection of AIDS Virus in Macrophages in 
Brian Tissue from AIDS Patients with Encephalopathy," 
Science, 233:1089-1093, 1986. 

Kowalski el al., "Functional Regions of the Envelope Gly- 
coprotein of Human Immunodeficiency Virus Type 1 ," Sci- 
ence, 237:1351-1355, 1987. 

Langlois et aL, 'The Ability of Certain HIV Vaccines to 
Provoke Reactions Against Normal Cells," Science, 
255:292-293, 1992. 

Lasky et al., "Neutralization of the AIDS Retrovirus by 
Antibodies to a Recombinant Envelope Glycoprotein," Sci- 
ence, 233:209-212, 1986. 

Lasky et al., "Delineation of a Region of the Human 
Immunodeficiency Virus Type 1 gp!20 Glycoprotein Criti- 
cal for Interaction with the CD4 Receptor," Cell 
50:975-985, 1987. 

Letvin et aL, "Risks of Handling HIV," Nature, 349:573, 
1991. 

Maddon et al., "The T4 Gene Encodes the AIDS Virus 
Receptor and Is Expressed in the Immune System and the 
Brain," Cell, 47:333-348, 1986. 

Montefiori et al., "Evaluation of Antiviral Drugs and Neu- 
tralizing Antibodies to Human Immunodeficiency Virus by 
a Rapid and Sensitive Microliter Infection Assay," / of 
Clinical Microbiology, 26:231-235, 1988. 
Morgenstern et al„ "Advanced mammalian gene transfer 
high litre retroviral vectors with multiple drug selection 
markers and a complementary helper-free packaging cell 
line," Nucl Acids Res., 18:3587-3596, 1990. 
• Nabel et al., "Site-Specific Gene Expression in Vivo by 
Direct Gene Transfer into the Arterial Wall " Science, 
249:1285-1288, 1990. 

Nara, Peter L., "Quantitative Infectivity Syncytium-Form- 
ing Microassay ," Basic Virvlogic Techniques, 77-86. 
Oksenberg et al., "limited heterogeneity of rearranged 
T-cell receptor V alpha transcripts in brains of multiple 
sclerosis patients " Nature, 345:344-348, 1990. 
Osther el al., "Protective Humoral Immune Responses to the 
Human Immunodeficiency Virus Induced in Immunized 
Pigs: A Possible Source of Therapeutic Irnmunoglobulin 
Preparations," Hybridoma, 10:673-683, 1991. 
Osther et al., "The Quick Western Blot, A Novel Transport- 
able 50-Minute HTV-1 Antibody Test," Transplantation, 
47:834-838, 1989. 

Paliard el al., "Evidence for the Effects of a Superantigen in 
Rheumatoid Arthritis," Science, 253:325-329, 1991. 
Putney et al., "Development of an HTV Suburrit Vaccine," V 
International Conference on AIDS. Quebec, Canada; Jun. 
4-9, 1989. 

Schrier et al., "B-and T-Lymphocyte Responses to an 
I mnranotommant Epitope of Human Imnrnriodeficiency 
Virus," I of Virology, 62:2531-2536, 1988. 



5,593,972 

Page 3 



Sun et al., * 'Generation and Characterization of Monoclonal 
Antibodies to the Putative CD4-Binding Domain of Human 
Immunodeficiency Virus Type 1 gpl20," J. of Virology, 
63:3579-3585, 1989. 

Shah et ah, "Pamllomaviruses," Virology, Chapter 
59:1651-1676, 1990. 

Seed et al., "Molecular cloning of the CD2 antigen, the 
T-cell erythrocyte receptor, by a rapid immunoselection 
procedure," FrvcNatl Acad. ScL USA. 84:3365-3369, 
1987. 

Szala et aL, "Molecular cloning of cDNA for the carcino- 
ma-associated antigen GA733-2," Proc. Natl Acad. ScL 
USA. 87:3542-3546, 1990. 

Tang et al., "Genetic unrmmization is a simple method for 
eliciting an immune response**, Nature 356:152-154, 1992. 
Teitelbaum et aL, "In Vivo Effects of Antibodies Against a 
High Frequency Idiotype of Anti-DNA Antibodies in MRL 
Mice," 132:1282-1285, 1984. 

Thomason et al., "Stable incorporation of a bacterial gene 
into adult rat skeletal muscle in vivo," Cell Physiol, 
27:C578-581 t 1990. 

Ugen et al., (1992) Generation of Monoclonal Antibodies 
Against the Amino Region ofgpI20 Which Elicits Antibody 
Dependent Cellular Cytotoxicity, Cold Spring Harbor Labo- 
ratory, 1992. 

Ulmer et al., "Heterologous Protection Against Influenza by 
Injection of DNA Encoding a Viral Protein," Science, 
259:1745-1749, 1993. 

Vandenbark et al., "Immunization with a synthetic T-cell 
receptor V-region peptide protects against experimental 
autoimmune encephalomyelitis," Nature. 341:541-544, 
1989. 

Vitadello et al., tl Gene Transfer in Regenerating Muscle," J. 
of Cellular Biochemistry Suppl. 17E:252, Mar. 29-Apr. 25, 
1993. 

Weiner et aL, "Non-CD4 Molecules on Human Cells Impor- 
tant in HIV-1 Cell Entry," Vaccines. 115-120, 1989. 



Will et al., "Cloned HBV DNA causes hepatitis in chim- 
panzees," Nature, 299:740-742, 1982. 
Williams et al., "Molecular Diagnosis of Borrelia burgdor- 
feri Infection (Lyme Disease)," DNA and Cell Biology, 
11:207-213, 1992. 

Williams et al., "Restricted Heterogeneity of T Cell Recep- 
tor Transcripts in Rheumatoid Synovium," J. Clin, Invest, 
90:326-333, 1992. 

Wolff ct al., "Direct Gene Transfer into Mouse Muscle in 
Vivo," Science, 247:1465-1468, 1990. 
Wolff et al . , "Conditions Affecting Direct Gene Transfer into 
Rodent Muscle In Vivo," BioTechniques, 11:474-485, 1991. 
Wucherpfenmg et al., "Shared Human T Cell Receptor V 
Beta Usage to Immunodominant Regions of Myelin Basic 
Protein," Science, 248:1016-1019, 1990. 
Fleckenstein et al., 'Tumour induction with DNA of onco- 
genic primate herpes viruses" Nature, 274:57-59, 1978. 
Boiron et al., "A Biological Property of Deoxyribonucleic 
Acid," Discussion and Preliminary Reports, 150-153, 1965. 
McCoy et al., "Human Colon Carcinoma Ki-ras2 Oncogene 
and Its Correspondence Proto-Oncogene," Mol. and Cellu- 
lar Biology, 4:1577-1582, 1984. 

Rowe, et al., "Studies of Mouse Polyoma Virus Infection " 
U.S. Department of Health, Education and Welfare, 
379-391, 1958. 

Orth et aL, "Infectious and Oncogenic Effect of DNA 
Extracted from Cells Infected with Polyoma Virus," 
P.S.E.B.M., 115:1090-1095, 1964. 

McCutchan et aL, 4 "Enhancement of the Infectivity of Simian 
Vims 40 Deoxyribonucleic Acid with Diethylaminoeihyl- 
Dextran,"/ of the Nat. Cancer Institute, 41 351-356, 1968. 
Mayne et al., "Tumour Induction by Simian Adenovirus S A7 
DNA Fragments " Nature New Biology, 232:182-183, 1971. 
Sol et al., "Oncogenicity of SV40 DNA in the Syrian 
Hamster," / gen. Viz 37:635-638, 1977. 
Rowc et al., "B. Ecology of a Mouse Tumor Virus," Per- 
spectives in Virology, 177-190. 



U.S. Patent Jan. 14, 1997 Sheet 1 of 12 5,593,972 




FIG. IA 



U.S. Patent 



Jan. 14, 1997 



Sheet 2 of 12 



5,593,972 




FIG.1B 



U.S. Patent 



Jan. 14, 1997 



Sheet 3 of 12 



5,593,972 




GPI60 



FIG.2 



U.S. Patent Jan. 14, 1997 Sheet 4 of 12 



5,593,972 



Q60 



§0.401 

O 
m 

go** 



0.00 




1=50 1=500 
DILUTION 

FIG. 3A 



060- 



§0.40 

QQ2CH 
o 



QOO 




1=50 1=500 
DILUTION 

FIG. 3B 



0.60- 



| 

g04Oi 
o 

°Q2CH 




QOCH 



1=50 1=500 
DILUTION 

FIG. 3C 



060- 



8 



020- 



0.00 




150 1-500 
DILUTION 

FIG. 3D 



Q60- 



i04CH 
o 

§0204 



QOO 




1=50 1-500 1=5000 
DILUTION 

FIG. 3E 



U.S. Patent j™. m, bw shwt s «t 12 5,593,972 




FIG.4A FIG.4B 



Neutralization 




0,2-1 1 ■ 1 ■ 1 ' 1 ■ 1 • « — ' ' 

0 1:320 1:160 1:80 1:40 1:20 1:10 



DILUTIONS 

FIG.4C 



U.S. Patent Jan. 14, 1997 Sheet 6 of 12 



5,593,972 





FIG.4E 



U.S. Patent 



Jan. 14, 1997 



Sheet 7 of 12 



5,593,972 





FIG.4G 



U.S. Patent Jan. u, 1997 



Sheet 8 of 



5,593,972 




U.S. Patent Jan. 14, 1997 Sheet 9 of 12 5,593,972 



RSV onh. MoMIJ?LTR 



Kan 



poJyA' 



N deletion 




RT deletion 



FIG. 6 



RSV «*■ MoMLV LTR 





FIG. 7 



U.S. Patent Jan. 14, 1997 Sheet 10 of 12 



5,593,972 



RSV ENHANCER 



CMV PROMOTER 




NSERT 



FIG. 8A 



CMV PROMOTER 



RSV ENHANCER 



SV40 
PROMOTER 




SV40polyA 



SV40potyA 

RG. 8B 



U.S. Patent Jan. 14,19*7 Sheet U of 12 5,593 




FIG. 8D 



U.S. Patent Jan. 14, 1997 Sheet 12 of 12 5,593,972 



INSERT 1 



¥A 



GAG 



POL 



Int A 



Splicing acceptor 
RRE-Rev Response Element 



INSERT 2 



*FA 



GAG 



POL 



"- Trre 



Int A 



INSERT 3 



¥A 



GAG 



POL 



Int A 



INSERT 4 



Rev Vpu| Env |Rev 



FIG. 9 



5,593,! 

1 

GENETIC IMMUNIZATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

5 

This application is a Conu'nuation-In-Part application of 
U.S. patent application Set. No. 08/029,336 filed Mar. II, 
1993, now abandoned; which is a Continuaiion-In-Part 
application of U.S. patent application Ser. No. 08/008,342 
filed Jan. 26, 1993, abandoned; both of which are incorpo- in 
rated herein by reference, 

FIELD OF TOE INVENTION 

The present invention relates to use of genetic material as J5 
immunizing agents. In particular, the present invention 
relates to the introduction of DNA molecules into an indi- 
vidual's tissues or cells that then can produce proteins 
capable of eliciting an immune response. 

20 

BACKGROUND OF THE INVENTION 

Vaccination and immunization generally refer to the intro- 
duction of a non- virulent agent against which an individual's 
immune system can initiate an immune response which will 
then be available to defend against challenge by a pathogen. 
The immune system identifies invading "foreign" composi- 
tions and agents primarily by identifying proteins and other 
large molecules which are not normally present in the 
individual. The foreign protein represents a target against ^ 
which the immune response is made. 

The immune system can provide multiple means for 
etiminating targets that are identified as foreign. These 
means include humoral and cellular responses which par- 
ticipate in antigen recognition and elimination. Briefly, the 35 
humoral response involves B cells which produce antibodies 
that specifically bind to antigens. There are two arms of the 
cellular immune response . The first involves helper T cells 
which produce cytokines and elicit participation of addi- 
tional immune cells in the immune response. The second ^ 
involves killer T cells, also known as cytotoxic T lympho- 
cytes (CTLs), which are cells capable of recognizing anti- 
gens and attacking the antigen including the cell or particle 
it is attached to. 

Vaccination has been singularly responsible for confer- 45 
ring immune protection against several human pathogens. In 
the search for safe and effective vaccines for immunizing 
individuals against infective pathogenic agents such as 
viruses, bacteria, and infective eukaryotic organisms, sev- 
eral strategies have been employed thus far. Each strategy 50 
aims to achieve the goal of protecting the individual against 
pathogen infection by administering to the individual, a 
target protein associated with the pathogen which can elicit 
an immune response. Thus, when the individual is chal- 
lenged by an infective pathogen, the individual's immune 55 
system can recognize the protein and mount an effective 
defense against infection. There are several vaccine strate- 
gies for presenting pathogen proteins which include present- 
ing the protein as part of a non-infective or less infective 
agent or as a discreet protein composition. 60 

One strategy for immunizing against infection uses killed 
or inactivated vaccines to present pathogen proteins to an 
individual's immune system. In such vaccines, the pathogen 
is either killed or otherwise inactivated using means such as, 
for example, beat or chemicals. The administration of killed 65 
or inactivated pathogen into an individual presents the 
pathogen to the individual's immune system m a noninfec- 
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live form and the individual can thereby mount an immune 
response against it. Killed or inactivated pathogen vaccines 
provide protection by directly generating T-helpcr and 
humoral immune responses against the pathogenic immu- 
nogens. Because the pathogen is killed or otherwise inacti- 
vated, there is little threat of infection. 

Another method of vaccinating against pathogens is to 
provide an attenuated vaccine. Attenuated vaccines are 
essentially live vaccines which exhibit a reduced infectivity. 
Attenuated vaccines are often produced by passaging several 
generations of the pathogen through a permissive host until 
the progeny agents are no longer virulent. By using an 
attenuated vaccine, an agent that displays limited infectivity 
may be employed to elicit an immune response against the 
pathogen. By maintaining a certain level of infectivity, the 
attenuated vaccine produces a low level infection and elicits 
a stronger immune response than killed or inactivated vac- 
cines. For example, live attenuated vaccines, such as the 
poliovirus and smallpox vaccines, stimulate protective 
T-helper, T-cytotoxic, and humoral immunities during their 
nonpathogenic infection of the host 

Another means of immunizing against pathogens is pro- 
vided by recombinant vaccines. There are two types of 
recombinant vaccines: one is a pathogen in which specific 
genes are deleted in order to render the resulting agent 
non- virulent. Essentially, this type of recombinant vaccine is 
attenuated by design and requires* the administration of an 
active, non-virulent infective agent which, upon establishing 
itself in a host, produces or causes to be produced antigens 
used to elicit the immune response. The second type of 
recombinant vaccine employs infective non-virulent vectors 
into which genetic material that encode target antigens is 
inserted This type of recombinant vaccine similarly requires 
the administration of an active infective non- virulent agent 
which, upon establishing itself in a host, produces or causes 
to be produced, the antigen used to elicit the immune 
response. Such vaccines essentially employ infective non- 
virulent agents to present pathogen antigens that can then 
serve as targets for an anti-pathogen immune response. For 
example, the development of vaccinia as an expression 
system for vaccination has theoretically simplified the safety 
and development of infectious vaccination strategies with 
broader T-cell immune responses. 

Another method of immunizing against infection uses 
suburrit vaccines. Suburril vaccines generally consist of one 
or more isolated proteins derived from the pathogen. These 
proteins act as target antigens against which an immune 
response may be mounted by an individual. The proteins 
selected for summit vaccine are displayed by the pathogen 
so that upon infection of an individual by the pathogen, the 
individuals immune system recognizes the pathogen and 
mounts a defense against it Because suburrit vaccines are 
not whole infective agents, they are incapable of becoming 
infective. Thus, they present no risk of undesirable virulent 
infectivity that is associated with other types of vaccines. It 
has been reported that recombinant subunit vaccines such as 
the hepatitis B surface antigen vaccine (HBsAg) stimulate a 
more specific protective T-helper and humoral immune 
response against a single antigen. However, the use of this 
technology to stimulate board protection against diverse 
pathogens remains to be confirmed. 

Each of these types of vaccines carry severe drawbacks 
which render them less than optimally desirable for immu- 
nizing individuals against a particular pathogen. 

It has been observed mat absent an active infection, a 
complete immune response is not elicited. Killed and inac- 
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livaled vaccines, because they do not reproduce or otherwise 
undergo an infective cycle, do not elicit the CTL arm of the 
cellular immune response in most cases. Additionally, killed 
and inactivated vaccines arc sometimes altered by the means 
used to render them inactivated These changes can affect 5 
the immunogenirity of the antigens. Subunit vaccines, 
which are merely discreet components of a pathogen, do not 
undergo any sort of infective cycle and often do not elicit the 
CTL arm of the cellular immune response. Absent the CTL 
arm, the immune response elicited by either vaccine is often 
insufficient to adequately protect an individual. In addition, 
subunit vaccines have the additional drawback of being both 
expensive to produce and purify. 

Attenuated vaccines, on the other hand, often make very 
effective vaccines because they are capable of a limited, 
non-virulent infection and result in immune responses 15 
involving a humoral response and both arms of the eel hilar 
immune response. However, there are several problems 
associated with attenuated vaccines. First, it is difficult to 
test attenuated vaccines to determine when they are no 
longer pathogenic The risk of the vaccine being virulent is 20 
often too great to properly test for effective attenuation. For 
example, it is not practically possible to test an attenuated 
form of Human Immunodeficiency virus (HIV) to determine 
if it is sufficiently attenuated to be a safe vaccine. Secondly, 
attenuated vaccines carry the risk of reverting into a virulent 25 
form of the pathogen. There is a risk of infecting individuals 
with a virulent form of the pathogen when using an attenu- 
ated vaccine. 

Recombinant vaccines require the introduction of an _ 
active infective agent which, in many cases, is undesirable. 
Furthermore, in cases where the recombinant vaccine is the 
result of deletion of genes essential for virulence, such genes 
must exist and be identified. In vaccines in which pathogen 
genes are inserted into infective non- virulent vectors, many 35 
problems exist related to the immune response elicited 
against the vector antigens. These problems negatively 
impact the immune response elicited against the target 
antigen. First, the recombinant vaccine introduces a great 
number of vector antigens against which the immune system ^ 
also responds. Secondly, the Vector can be used only once 
per individual since, after the first exposure, the individual 
will develop immunity to the vector. These problems are 
both present, for example, in recombinant vaccines that 
employ vaccinia vectors such as those disclosed in US. Pat- 
No. 5,017,487 issued May 21, 1991 to Sturmenberg et al. 
This technology has not been universally successful against 
diverse pathogenic organisms. It is also complicated by the 
large amount of excess vaccinia antigens presented in the 
vaccinee. Once vaccinated with the vaccinia vector, the - 
vaccinee cannot be effectively vaccinated again using the 
vaccinia vector. 

Accordingly, the most effective vaccines for invoking a 
strong and complete immune response carry the most risk of 
harming the individual while the safer alternatives induce an 55 
incomplete, and therefore, less effective immune response. 
Furthermore, many subunit vaccines and recombinant vac- 
cines using non-virulent vectors to produce target proteins 
are most useful if a single antigenic component can be 
identified which is singularly protective against live dial- ^ 
lenge by a pathogen. However, both technologies require 
that the protective component be identified. Such identifi- 
cation is often both laborious and tune-con sum ing. 

A distinct advantage would exist if there were a rapid 
system for directly testing subunit vaccination strategies 65 
without tissue culture and in the absence of excess vector 
antigens. Furthermore, it would be particularly advanta- 
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geous if such a system could deliver an antigen that could be 
presented for development of both T cell immune arms. 

There is a need for a means to immunize individuals 
against pathogen infection which can elicit a broad, biologi- 
cally active protective immune response without risk of 
infecting the individual. 

HTV infection represents a great threat to the human 
population today. Despite the intense resources expended 
and efforts made to develop an effective vaccine, the prob- 
lem remains intractable. No vaccine is currently available 
that protects an individual against HIV infection. There is a 
great need for a method of immunizing an individual against 
HIV infection. There is a great need for an effective immu- 
notherapy method to combat the development of AIDS in 
HTV infected individuals. 

In addition to immunizing against pathogens, work has 
recently been undertaken to develop vaccines against cancer. 
Cancer vaccines currently being studied are essentially 
analogous to anti-pathogen subunit vaccines. Anti-cancer 
subunit vaccines essentially introduces a cancer-associated 
target protein into an individual. An immune response is 
elicited against the target protein in the same manner an 
immune response is elicited against a pathogen protein in the 
individual. The target protein is a protein that is specific to 
cancer cells. Subsequent appearance of the target protein 
when cancer occurs provides an immunogenic target for an 
immune response. Thus, the cancer vaccine immunizes an 
individual against cancer cells, an "endogenous pathogen", 
by immunizing against a target antigen specifically associ- 
ated with the cancer. Specific proteins are administered 
which represent targets for an immunological response. As 
in the case of anti-pathogen subunit vaccines, the immune 
response elicited is often incomplete and insufficient to 
protect the individual. In particular, administration of a 
protein or peptide does not elicit a CTL response. 

There is a need for an effective means to immunize 
individuals against hyperproliferative disease such as cancer 
in order to provide individuals with broad, biologically 
active protective immunity against specifically targeted 
hyperproliferating cells. 

Many autoimmune diseases are mediated by specific 
antigen receptors. Autoimmune diseases generally refer to 
those diseases involving a self-directed immune response. 
Autoimmune diseases are referred to as being B cell medi- 
ated or T cell mediated. For example, Systemic Lupus 
Erythematosus (SLE) is considered a B cell mediated 
autoimmune disease. Many of the clinical manifestations of 
SLE are believed to be due to the presence of anti-DNA 
antibodies in the patients* serum, which combine with the 
antigen to form immune complexes. These immune com- 
plexes are deposited in tissues, setting off the inflammatory 
cascade. Rheumatoid Arthritis (RA) is an example of T cell 
mediated autoimmune disease. RA is believed to be medi- 
ated by autoreactive T cells present in the synovium (joint 
tissue), where they respond to an unknown antigen in the 
context of class II major histocompatibility complex (MHC 
H) molecules, such as HLA-DR4 which is genetically linked 
to RA. These T cells recognize a specific antigen associated 
with MHC II via their T cell antigen receptors (TCRs). Thus, 
autoreactive antigen receptors, such as antibodies or T cell 
antigen receptors are responsible for the initial recognition 
event in a series of pathogenic, inflammatory events which 
culminates in the clinical manifestations of autoimmune 
diseases such as SLE and RA. 

Several studies have been performed in experimental 
systems where such autoreactive antigen receptors have 
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been targeted or deleted. Animal model systems for autoim- 
mune disease include a murine lupus model which occurs in 
a strain of NZB/NZW mice, and an experimental allergic 
encephalomyelitis (EAE) model which can be produced in 
susceptible mouse and rat strains following inoculation with 5 
myelin basic protein (MBP). In murine SLE, anti-idiotypic 
antibodies have been used therapeutically in an attempt to 
delete the autoreactive B cells which produce the autoreac- 
tive antibodies. In some cases, these anti-idiotypic antibod- 
ies have improved clinical manifestations of the disease I0 
(Hahn, B. H. and F. M. Ebling, 1984 7. Immunol 
132(l):187-190) t while in others they have worsened dis- 
ease (Tritelbaum, D. el al., 1984 / Immunol 
1 32(3): 1 282-1 285). Similarly, in EAE, antibodies to autore- 
active T cell antigen receptors have been utilized, as has 
been immunization with T cell antigen receptor-derived 
peptides. Again, in some instances this improves the disease 
Vandenbark, A., et al., 1989 Nature 341:541-544, while in 
other worsening of the disease occurs (Desquenne-CIark, L, 
et al., 1990 Pwc. Natl Acad, Sci USA 88:7219-7223). ^ 

Thus, while it is possible to vaccinate against autoimmune 
disease in some cases, the nature of the immune response 
elicited affects the clinical outcome of such therapies. For 
example, if the vaccination results in development of an 
antibody response, with subsequent antiidiotype develop- ^ 
menl, these anti-idiotypic antibodies could target the autore- 
active B cells or T cells for complement-mediated lysis, with 
resulting clinical improvement Alternatively, if the immu- 
nization results in production of non-complement fixing 
anti-idiotypic antibodies, these would bind to the autoreac- ^ 
tive B cells or T cells and cross-link their antigen receptors. 
Typically, this leads to activation of the cells and subsequent 
increased production of the autoreactive antibodies or T 
cells, with worsening of the clinical condition. Alternatively, 
if a predominant T cell response is elicited by vaccination, 33 
this could result in either a helper T cell response which 
would be expected to worsen disease or a killer/suppressor 
cell response which should improve the disease. 

There is a need for an effective means to immunize 
individuals against and treat individuals suffering from 40 
autoimmune diseases which would elicit a CTL response 
capable of targeting either B cells that produce the antibod- 
ies involved in the disease (in the case of B cell m ed i ated . 
autoimmune disease) or the T cells that produce the specific 
T cell antigen receptor which are involved int he disease On 45 
the case of T cell mediated autoimmune disease). 

The direct introduction of a normal, functional gene into 
a living animal has been studied as a means for replacing 
defective genetic information. In such studies, DNA is 
introduced directly into cells of a living animal. Nabel, E. 50 
G., et al., (1990) Science 249:1285-1288, disclose site- 
specific gene expression in vivo of a beta-gal actosidase gene 
that was transferred directly into the arterial wall in mice. 
Wolfe, J. A. et al., (1990) Science 247:1465-1468, disclose 
expression of various reporter genes that were directly 55 
transferred into mouse muscle in viva Hie use of direct gene 
transfer as an alternative anti-pathogen vaccination method 
is suggested. Acsadi G., et al., (1991) Nature 352:815-*18, 
disclose expression of human dystrophin gene in mice after 
intramuscular injection of DNA constructs. Wolfe, J. A., et 60 
al., 1991 BioTechniques 11(4*474^85, which is mcorpo- 
rated herein by reference, refers to conditions affecting 
direct gene transfer into rodent muscle in vivo. Multiple 
injections of plasmid DNA are reported to result in higher 
levels of protein production but not to the extent that the 65 
levels of protein production are proportional to additional 
plasmid DNA added. Feigner, P. L. and G. Rhodes, (1991) 
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Nature 349:351-352, disclose direct delivery of purified 
genes in vivo as drugs without the use of retroviruses. Use 
of direct gene transfer by single injection are suggested as a 
possible vaccination strategy and a cellular immune 
response to HIV gpl20 resulting from introduction of plas- 
mid DNA encoding the same into cells is reported to have 
been observed. PCT International Application Number PCT/ 
US90/01515 published Oct 4, 1990 discloses methods of 
immunizing an individual against pathogen infection by 
directly injecting naked polynucleotides into the individu- 
al's cells in a single step procedure. The use of transfecting 
agents other than lipofectins is specifically excluded from 
the disclosed methods. The stimulation of inoculated cells is 
neither disclosed nor suggested. An HIV vaccine is disclosed 
which consists of the introduction of polynucleotides that 
encode the viral protein gpl20. The operability of this 
vaccine is not evidenced. Thomason, D. B. et al., (1990) Cell 
Physiol 27:C578-581 and PCT patent application Ser. No. 
WO 91/12329 disclose administering bupivacaine to muscle 
cells in order to induce satellite cell proliferation. In par- 
ticular, Thomason, D. B. et aL, (1990) Cell Physiol 
27:C578~-581 and PCT patent application Ser. No. WO 
91/12329 disclose retro viral-mediated transfer of genes into 
adult tissue in which a mitotically-active state of satellite 
cells is induced. The retroviruses contain recombinant ret- 
roviral RNA that includes a foreign reporter gene incorpo- 
rated within the viral particle. 

SUMMARY OF THE INVENTION 

The present invention relates to a method of immunizing 
an individual against a pathogen. The method comprises the 
steps of contacting cells of said individual with an agent that 
facilitates the uptake of DNA by the cells, the agent pref- 
erably being a cell stimulating agent, and administering to 
the cells, a DNA molecule that comprises a DNA sequence 
that encodes a peptide which comprises at least an epitope 
identical or substantially similar to an epitope displayed on 
a pathogen antigen operatively linked to regulatory 
sequences. The DNA molecule is capable of being expressed 
in the cells of the individual. 

The present invention relates to a method of immunizing 
a human against HIV. The method comprises the steps of 
administering to a human a DNA molecule that comprises a 
DNA sequence that encodes at least one peptide that com- 
prises at least one epitope identical or substantially similar 
to an epitope displayed on an HIV protein operatively linked 
to regulatory sequences. 

The present invention relates to a method of immunizing 
a human against HIV. The method comprises the steps of 
administering two different DNA molecules to different cells 
of the human. Each DNA molecule comprises a DNA 
sequence that encodes at least one peptide which comprises 
at least one epitope identical or substantially similar to an 
epitope displayed on an HIV protein operatively linked to 
regulatory sequences. The different DNA molecules are each 
capable of being expressed in human cells. The different 
DNA molecules comprise different DNA sequences that 
encode at least one different peptide from the other. 

The present invention related to a method of immunizing 
an individual against a hyperproliferative disease. The 
method comprises the steps of administering to cells of an 
individual, a DNA molecule that comprises a DNA sequence 
that encodes a peptide that comprises at least an epitope 
identical or substantially similar to an epitope displayed on 
a hyperproliferative disease-associated protein operatively 
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linked to regulatory sequences; the DNA molecule being 
capable of being expressed in the cells. 

The present invention relates to a method of immunizing 
an individual against an autoimmune disease. The method 
comprises the steps of administering to cells of an indi- 5 
vidual, a DNA molecule that comprises a DNA sequence 
that encodes a peptide that comprises at least an epitope 
identical or substantially similar to an epitope displayed on 
an autoimmune disease-associated protein operatively 
linked to regulatory sequences; the DNA molecule being 10 
capable of being expressed in the cells. 

The present invention relates to an HIV vaccine compris- 
ing a pharmaceuu'cally acceptable carrier or diluent and a 
DNA molecule that encodes one or more peptides that each 
comprises at least an epitope identical or substantially 15 
similar to an epitope displayed on at least one HIV protein 
operatively linked to regulatory sequences; the DNA mol- 
ecule being capable of being expressed in human cells. 

The present invention relates to an HIV vaccine compris- 
ing two inoculants. The first moculant comprises a pharma- 
ceutically acceptable carrier or diluent and a first DNA 
molecule. The first DNA molecule comprises a DNA 
sequence that encodes one or more peptides that each 
comprises at least an epitope identical or substantially 
similar to an epitope displayed on at least one HIV protein 
operatively linked to regulatory sequences; the DNA mol- 
ecule being capable of being expressed in human cells. Hie 
second moculant comprises a pharmaceutically acceptable 
carrier or diluent and a second DNA molecule. The second 
DNA molecule comprises a DNA sequence that encodes one 
or more peptides that each comprises at least an epitope 
identical or substantially similar to an epitope displayed on 
at least one HTV protein operatively linked to regulatory 
sequences; the DNA molecule being capable" of being 
expressed in human cells. The first and second DNA mol- 
ecules are different and encode different peptides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a diagram depicting the construction of plas- 
mid pM160 which was produced by inserting a PCR- 
generated fragment that encodes the HJV-HXB2 glycopro- 
tein gplGO into plasmid pMAMneoBlue (Oonetech). 

FIG. IB is a photograph of an autoradiogram of a Western 
blotofwru)leceUlysatesofcelbtransfectedwiththepM160 45 
plasmid (3G7 cells) versus vector-alone transfected cells 
(TE671 cells) showing production of gpI20 and gp41 in 
3G7 cells and not in TE671 cells. 

FIG. 2 is a photograph of an autoradiogram showing 
imrrninopreripttations of serum antibodies binding to I25 I- 50 
gp!60. 

FIGS. 3A-3E are graphs showing ELISA results binding 
different sera to various proteins immobilized on nricrother 
plates. 

FIGS. 4A and 4B are photographs of MT-2 cells infected 55 
with TCIDsoHIV- \fU\ B cell-free vims that was premcubated 
with, serial dilutions of antisera. 

FIG. 4C is a graph illustrating the neutralization values 
(V./VJ versus the dilution factors from results using control „ 
serum (x=pMAMneoBlue vector-immurrized mice) and test 
sera (0=pM 1 60-immunized mice). 

FIGS. 4D-4G are photographs of H9/HJ* cells used in 
experiments to examine syncytial inhibition using sera from 
imrnurrized and control animals. ^ 

FIG. 5 is a chart depicting the survival of immunized and 
non-immunized mice challenged with HIV gpl60-labelled 
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and unlabelled tumor cells. Mice were immunized with 
recombinant gp!60 protein, vector DNA only or recombi- 
nant vector comprising DNA encoding gpl60. SP2/0 tumor 
cells or SP2/0-gpl60 (SP2/0 cells transfected with DNA 
encoding gpl60 and expressing gpl60) tumor cells were 
introduced into the mice. 
FIG. 6 is a plasmid map of pGAGPOL.rev. 
FIG. 7 is a plasmid map of pENV. 
FIG. 8 is shows four backbones, A, B, C and D, used to 
prepare genetic construct 

FIG. 9 shows four inserts, 1, 2, 3 and 4 which are inserted 
into backbones to produce genetic constructs. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to methods of eliciting 
immune responses in an individual which can protect an 
individual from pathogen infection or combat diseases and 
disorders involving cells that produce specific proteins. 
According to the present invention, genetic material that 
encodes an immunogenic peptide or protein is directly 
administered to an individual either in vivo or to the cells of 
an individual ex vivo. The genetic material encodes a 
peptide or protein that shares at least an epitope with an 
immunogenic protein to be targeted. The genetic material is 
expressed by the individual's cells to form irnrnunogenic 
target proteins that elicit an immune response. The resulting 
immune response is broad based: in addition to a humoral 
immune response, both arms of the cellular immune 
response are elicited. Thus, the immune responses elicited 
by vaccination methods of the present invention are particu- 
larly effective to protect against pathogen infection or com- 
bat cells associated with hyperproliferative diseases or 
autoimmune diseases. 

The immune response elicited by the target protein that is 
produced by vaccinated cells in an individual is a broad- 
based immune response which involves B cell and T cell 
responses including cytotoxic T cell (CTL) responses. The 
target antigens produced within the cells of the host are 
processed intracellularly: broken down into small peptides, 
bound by Class I MHC molecules, and expressed on the cell 
surface. The Class I MHC-target antigen complexes arc 
capable of stimulating CD8 + T-cells, which are phenotypi- 
cally the killer/suppressor cells. Genetic irnmunization 
according to the present invention is thus capable of eliciting 
cytotoxic T-cell (CTL) responses (killer cell responses). It 
has been observed that genetic immunizarion according to 
the present invention is more likely to elicit CTL responses 
than other methods of immunization. 

The present invention is useful to elicit broad immune 
responses against a target protein. Target proteins may be 
proteins specifically associated with pathogens or the indi- 
vidual's own "abnormal** cells. The present invention is 
useful to immunize individuals against pathogenic agents 
and organisms such that an immune response against a 
pathogen protein provides protective immunity against the 
pathogen. Hie present invention is particularly useful to 
protect an individual against infection by non-encapsulated 
intracellular pathogens which produce proteins within the 
host cells. The immune response generated against such 
proteins is capable of eliminating infected cells using CTLs 
which specifically recognize and eliminate such infected 
cells. The CTL response is crucial in protection against 
pathogens such as viruses and other intracellular pathogens 
which produce proteins within infected cells. The present 
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invention is useful to combat hypcrproliferative diseases and 
disorders such as cancer by eliciting an immune response 
against a target protein that is specifically associated with the 
hyperprolifcrative cells. In such cases, a cytotoxic immune 
response against the hyperproliferating cells which produce 
the target protein is elicited. The present invention is useful 
to combat autoimmune diseases and disorders by eliciting an 
immune response against a target protein that is specifically 
associated with cells involved in the autoimmune condition. 
In such cases, the cytotoxic immune response against cells 
that produce the target protein is provided. The CTL 
response can be utilized for the specific elimination of 
deleterious cell types which, during their production of 
proteins, display antigens bound by Class I MHC molecules. 
Therefore, genetic immunization according to the present 
invention is more likely to result in anti-pathogen protection 
and therapy than standard immunization using killed, inac- 
tivated or protein — or peptide-based subunit vaccines and 
furthermore, may be used in immunization procedures to 
protect against and treat individuals suffering from cancer 20 
and autoimmune diseases. 

Genetic immunization according to the present invention 
elicits an effective immune response without the use of 
infective agents or infective vectors. Vaccination techniques 
which usually do produce a CTL response do so through the 25 
use of an infective agent A complete, broad based immune 
response is not generally exhibited in individuals immunized 
with killed, inactivated or subunit vaccines. The present 
invention achieves the full complement of immune 
responses in a safe manner without the risks and problems 
associated with vaccinations that use infectious agents. 

According to some embodiments of the present invention, 
cells are treated with compounds that facilitate uptake of 
genetic constructs by the cells. According to some embodi- 
ments of the present invention, cells are treated with com- 
pounds that stimulate cell division and facilitate uptake of 
genetic constructs. Administration of conipounds that facili- 
tate uptake of genetic constructs by the cells including cell 
stimulating compounds results in a more effective immune 
response against the target protein encoded by the genetic 
construct 

According to some embodiments of the present invention, 
the genetic construct is administered to an individual using 
a needleless injection device. According to some embodi- 
ments of the present invention, the genetic construct is 
simultaneously administered to an individual mtradermally, 
subcutaneonsly and intramuscularly using a needleless 
injection device. Administration of genetic constructs using 
needleless injection devices is disclosed in U.S. patent 
application Ser. No. 08/093,235 filed JuL 15, 1993, which is 
incorporated herein by reference. 

According to the present invention, DN A or RNA that 
encodes a target protein is introduced into the cells of an 
individual where it is expressed, thus producing the target 
protein. The DNA or RNA is linked to regulatory elements 
necessary for expression in the cells of the individual. 
Regulatory elements for DNA include a promoter and a 
polyadenylation signal. In addition, other elements, such as 
a Kozak region, may also be included in the genetic con- 
struct 

As used herein, the term "genetic construct" refers to the 
DNA or RNA molecule that comprises a nucleotide 
sequence which encodes the target protein and which 
includes initiation and termination signals operably linked to 
regulatory elements including a promoter and polyadenyla- 
tion signal capable of directing expression in the cells of the 
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vaccinated individual. As used herein, the terra "expressible 
form" refers to gene constructs which contain the necessary 
regulatory elements operable linked to a coding sequence 
that encodes a target protein, such that when present in the 
cell of the individual, the coding sequence will be expressed 
As used herein, the term "genetic vaccine" refers to a 
pharmaceutical preparation that comprises a genetic con- 
struct 

As used herein, the term l4 target protein" refers to a 
protein against which an immune response can be elicited. 
The target protein is an immunogenic protein which shares 
at least an epitope with a protein from the pathogen or 
undesirable cell-type such as a cancer cell or a cell involved 
in autoimmune disease against which imrmmization is 
required. The target protein is an immunogenic protein 
derived from the pathogen or undesirable cell-type such as 
a cancer cell or a cell involved in autoimmune disease. 
Target proteins share epitopes with either pathogen-associ- 
ated proteins, proteins associated with hyperproliferating 
cells, or proteins associated with autoimmune disorders, 
depending upon the type of genetic vaccine. The immune 
response directed against the target protein will protect the 
individual against the specific infection or disease with 
which the target protein is associated. For example, a genetic 
vaccine with a DNA or RNA molecule that encodes a 
pathogen-associated target protein is used to elicit an 
immune response that will protect the individual from 
infection by the pathogen. Likewise, a genetic vaccine with 
a DNA or RNA molecule that encodes a target protein 
associated with a hyperprolifcrative disease such as, for 
example, a tumor-associated protein, is used to elicit an 
immune response directed at hyperproliferating cells. A 
genetic vaccine with a DNA or RNA molecule that encodes 
a target protein that is associated with T cell receptors or 
antibodies involved in autoimmune diseases is used to elicit 
an immune response that will combat the autoimmune 
disease by eliminating cells in which the natural form of 
target protein is being produced. Target proteins may be 
either pathogen-associated proteins, proteins associated with 
hyperproliferating cells, or proteins associated with auto- 
immune disorders, depending upon the type of genetic 
vaccine. 

As used herein, the term "sharing an epitope" refers to 
proteins which comprise at least one epitope that is identical 
to or substantially similar to an epitope of another protein. 

As used herein, the term "substantially similar epitope" is 
meant to refer to an epitope that has a structure which is not 
identical to an epitope of a protein but nonetheless invokes 
an cellular or humoral immune response which cross reacts 
to that protein. 

The genetic construct of genetic vaccines comprise a 
nucleotide sequence that encodes a target protein operably 
linked to regulatory elements needed for gene expression. 
Accordingly, incorporation of the DNA or RNA molecule 
into a living cell results in the expression of the DNA or 
RNA encoding the target protein and thus, production of the 
target protein. 

When taken up by a cell, the genetic construct which 
includes the nucleotide sequence encoding the target protein 
operably linked to the regulatory elements may remain 
present in the cell as a functioning extrachromosomal mol- 
ecule or it may integrate into the cell's chromosomal DNA. 
DNA may be introduced into cells where it remains as 
separate genetic material in the form of a plasmid. Alterna- 
tively, linear DNA which can integrate into the chromosome 
may be introduced into the cell. When introducing DNA into 
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the cell, reagents which promote DNA integration into 
chromosomes may be added. DNA sequences which are 
useful to promote integration may also be included in the 
DNA molecule. Since integration into the chromosomal 
DNA necessarily requires manipulation of the chromosome, 
it is preferred to maintain the DNA construct as a replicating 
or non-replicating extrachromosomal molecule. This 
reduces the risk of damaging the cell by splicing into the 
chromosome without affecting the effectiveness of the vac- 
cine. Alternatively, RNA may be administered to the cell. It 
is also contemplated to provide the genetic construct as a 
linear mimchromosome including a centromere, telomeres 
and an origin of replication. 

The necessary elements of a genetic construct of a genetic 
vaccine include a nucleotide sequence that encodes a target 
protein and the regulatory elements necessary for expression 
of that sequence in the cells of the vaccinated individual. Hie 
regulatory elements are operably linked to the DNA 
sequence that encodes the target protein to enable expres- 
sion. 

The molecule that encodes a target protein is a protein- 
encoding molecule which is translated into protein. Such 
molecules include DNA or RNA which comprise a nucle- 
otide sequence that encodes the target protein. These mol- 
ecules may be cDNA, genomic DNA, synthesized DNA or 
a hybrid thereof or an RNA molecule such as mRNA. 
Accordingly, as used herein, the terms "DNA construct", 
"genetic construct" and "nucleotide sequence" are meant to 
refer to both DNA and RNA molecules. 

The regulatory elements necessary for gene expression of 
a DNA molecule include: a promoter, an initiation codon, a 
stop codon, and a polyadenylation signal. In addition, 
enhancers are often required for gene expression. It is 
necessary that these elements be operable in the vaccinated 
individual. Moreover, it is necessary that these elements be 
operably linked to the nucleotide sequence that encodes the 
target protein such that the nucleotide sequence can be 
expressed in the cells of a vaccinated individual and thus the 
target protein can be produced. 

Initiation codons and stop codon are generally considered 
to be part of a nucleotide sequence that encodes the target 
protein. However, it is necessary that these elements are 
functional in the vaccinated individual. 

Similarly, promoters and polyadenylation signals used 
must be functional within the cells of the vaccinated indi- 
vidual. 

Examples of promoters useful to practice the present 
invention, especially in the production of a genetic vaccine 
for humans, include but are not limited to prompters from 
Simian Virus 40 (SV40), Mouse Mammary Tumor Virus 
(MMTV) promoter, Human Immunodeficiency Virus (HIV) 
such as the HFV Long Terminal Repeat (LTR) promoter, 
Moloney virus, ALV, Cytomegalovirus (CMV) such as the 
CMV immediate early promoter, Epstein Ban* Virus (EBV), 
Rous Sarcoma Virus (RSV) as well as promoters from 
human genes such as human Actin, human Myosin, human 
Hemoglobin, human muscle creatine and human metalothio- 
nein. 

Examples of polyadenylation signals useful to practice the 
present invention, especially in the production of a genetic 
vaccine for humans, include but are not limited to SV40 
polyadenylation signals and LTR polyadenylation signals. In 
particular, the SV40 polyadenylation signal which is in 
pCEP4 plasrmd (Invitrogen, San Diego Calif.), referred to as 
the SV40 polyadenylation signal, is used. 

In addition to the regulatory elements required for DNA 
expression, other elements may also be included in the DNA 
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molecule. Such additional elements include enhancers. The 
enhancer may be selected from the group including but not 
limited to: human Actin, human Myosin, human Hemoglo- 
bin, human muscle creatine and viral enhancers such as 
those from CMV, RSV and EBV. 

Genetic constructs can be provided with mammalian 
origin of replication in order to maintain the construct 
extrachromosomal ly and produce multiple copies of the 
construct in the cell. Plasmids pCEP4 and pREP4 from 
Invitrogen (San Diego, Calif) contain the Epstein Barr virus 
origin or replication and nuclear antigen EBNA-1 coding 
region which produces high copy episomal replication with- 
out integration. 

An additional element may be added which serves as a 
target for cell destruction if it is desirable to eliminate cells 
receiving the genetic construct for any reason. A herpes 
thymidine kinase (Ik) gene in. an expressible form can be 
included in die genetic construct. When the construct is 
introduced into the cell, tk will be produced. The drug 
gangcyclovir can be administered to the individual and that 
drag will cause the selective killing of any cell producing tk. 
Thus, a system can be provided which allows for the 
selective destruction of vaccinated cells. 

In order to be a functional genetic construct, the regula- 
tory elements must be operably linked to the nucleotide 
sequence that encodes the target protein. Accordingly, it is 
necessary for the initiation and termination codons to be in 
frame with the coding sequence. 

In order to maximize protein production, regulatory 
sequences may be selected which are well suited for gene 
expression in the vaccinated cells. Moreover, codons may be 
selected which are most efficiently transcribed in the vacci- 
nated cell. One having ordinary skill in the art can produce 
DNA constructs which are functional in vaccinated cells. 

In order to test expression, genetic constructs can be 
tested for expression levels in vitro using tissue culture of 
cells of the same type as those to be vaccinated. Pot 
example, if the genetic vaccine is to be administered into 
human muscle cells, muscle cells grown in culture such as 
solid muscle tumors cells of rhabdomyosarcoma may be 
used as an in vitro model to measure expression level. 

The present invention provides methods of conferring a 
broad based protective immune response against pathogen 
infection, hperproliferative diseases and autoimmune dis- 
eases without the use of infectious agents. The genetic 
constructs used in the present invention are not incorporated 
with retroviral particles. The genetic constructs are taken up 
by the eel] without viral particle-mediated insertion such as 
that which occurs when retorvirus particles with retroviral 
RNA that is incorporated in retroviral particles infects a cell. 
As used herein, the term "free from viral particles" is meant 
to refer to genetic constructs that are not incorporated within 
viral particles. In some embodiments, the genetic constructs 
constitute less than a complete, replicatable viral genome 
such that upon introduction into the cell, the genetic con- 
struct possesses insufficient genetic information to direct 
production of Infectious vital particles. As used herein, the 
term "incomplete viral genome" is meant to refer to a 
genetic construct which contains less than a complete 
genome such that incorporation of such a genetic construct 
into a cell does not constitute introduction of sufficient 
genetic information for the production of infectious virus. 

One aspect of the present invention provides a method of 
conferring a broad based protective immune response 
against pathogen infection, diseases associated with byper- 
proKferative cells or autoimmune diseases by administering 
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genetic constructs to cells contacted with an agent that 
facilitates the uptake of genetic material, particularly cell 
stimulating agents. The genetic construct may be adminis- 
tered with or without the use microprojcctilcs. 

The present invention may be used to immunize an 
individual against all pathogens such as viruses, prokaryote 
and pathogenic eukaryotic organisms such as unicellular 
pathogenic organisms and multicellular parasites. The 
present invention is particularly useful to immunize an 
individual against those pathogens which infect cells and 
which arc not encapsulated such as viruses, and prokaryote 
such as gonorrhoea, listeria and shigella. In addition, the 
present invention is also useful to immunize an individual 
against protozoan pathogens which include a stage in the life 
cycle where they are intracellular pathogens. As used herein, 
the term "intracellular pathogen" is meant to refer to a virus 
or pathogenic organism that, at least part of its reproductive 
or life cycle, exists within a host cell and therein produces 
or causes to be produced, pathogen proteins. 

Table 1 provides a listing of some of the viral families and 
genera for which vaccines according to the present invention 
can be made. DNA constructs that comprise DNA sequences 
which encode the peptides that comprise at least an epitope 
identical or substantially similar to an epitope displayed on 
a pathogen antigen such as those antigens listed on the tables 
are useful in vaccines. 

In addition to being particularly effective against patho- 
gens which infect the cells of an individual, the present 
invention is also useful to imrmmize an individual against 
other pathogens including prokaryotic and eukaryotic pro- 
tozoan pathogens as well as multicellular parasites. Table 2 
contains a list of bacterial and eukaryotic pathogens for 
which vaccines according to the present invention may be 
made. 

In order to produce a genetic vaccine to protect against 
pathogen infection, genetic material which encodes immu- 
nogenic proteins against which a protective immune 
response can be mounted must be included in the genetic 
construct. Whether the pathogen infects intracellularly, for 
which the present invention is particularly useful, or extra- 
cellularry, it is unlikely that all pathogen antigens will elicit 
a protective response. Because DNA and RNA are both 
relatively small and can be produced relatively easily, the 
present invention provides the additional advantage of 
allowing for vaccination with multiple pathogen antigens. 
The genetic construct used in the genetic vaccine can 
include genetic material which encodes many pathogen 
antigens. For example, several viral genes may be included 
in a single construct thereby providing multiple targets. In 
addition, multiple inoculants which can be delivered to 
different cells in an individual can be prepared to collec- 
tively include, in some cases, a complete or, more prefer- 
ably, an incomplete such as a near complete set of genes in 
the vaccine. For example, a complete set of viral genes may 
be adrrtirristered using two constructs which each contain a 
different half of the genome which are administered at 
different sites. Thus, an immune response may be invoiced 
against each antigen without the risk of an infectious virus 
being assembled. This allows for the introduction of more 
than a single antigen target and can eliminate the require- 
ment that protective antigens be identified. 

The ease of handling and inexpensive nature of DNA and 
RNA further allow for more efficient means of screening for 
protective antigens. Genes can be sorted and systematically 
tested much more easily than proteins. The pathogenic 
agents and organism for which the vaccine is being produced 
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to protect against is selected and an immunogenic protein is 
identified. Tables 1 and 2 include lists of some of the 
pathogenic agents and organisms for which genetic vaccines 
can be prepared to protect an individual from infection by 
them. 

Another aspect of the present invention provides a method 
of conferring a broad based protective immune response 
against hyperprolif crating cells that are characteristic in 
h yperprolif erali ve diseases and to a method of treating 
individuals suffering from hyperproliferativc diseases. As 
used herein, the term hyperprolif erali ve diseases" is meant 
to refer to those diseases- and disorders characterized by 
hyperproliferation of cells. Examples of hyperproliferalive 
diseases include all forms of cancer and psoriasis. 

It has been discovered that introduction of a genetic 
construct that includes a nucleotide sequence which encodes 
an immunogenic hyperproliferaling celT-associated pro- 
tein into the cells of an individual results in the production 
of those proteins in the vaccinated cells of an individual. As 
used herein, the term ^yperproliferative-associated pro- 
tein'* is meant to refer to proteins that are associated with a 
hyperproliferalive disease. These proteins can elicit a broad 
biologically active irnmnne response in the individual 
including CTLs that can effectively combat and eliminate 
hyperproliferating cells in the individual. Thus, to immunize 
against hyperproltferative diseases, a genetic construct that 
includes a nucleotide sequence which encodes a protein that 
is associated with a byperproliferative disease is adminis- 
tered to an individual. When expressed, the protein produced 
elicits an immune response directed at cells that produce the 
protein. 

In order for the hyTjerprotiferativc-associated protein to be 
an effective irnmunogenic target, it must be a protein that is 
rjToduced exclusively or at higher levels in hyperprolifera- 
tive cells as compared to normal cells. Target antigens 
include such proteins, fragments thereof and peptides which 
comprise at least an epitope found on such proteins. In some 
cases, a hyperproliferative-associated protein is the product 
of a mutation of a gene that encodes a portein. The mutated 
gene encodes a protein which is nearly identical to the 
normal protein except it has a slightly different amino acid 
sequence which results in a different epitope not found on 
the normal protein. 

Such target proteins include those which are proteins 
encoded by oncogenes. Generally, oncogenes can be divided 
into three groups depending upon the portion of the cell 
where their gene products are found. Oncogenes such as 
myb, myc, fyn, arid the translocation gene bcr/abl encode 
products that remain in the nucleus and are involved in 
transcription and cell cycle events. Gene products of onco- 
genes such as ras, sre and P53 are generally found in the 
cytoplasm. Membrane bound products of oncogenes include 
neu, trk and EGRF. While protein products of these genes 
are often found in normal cells, they exist at greater levels 
in cancer cells. Thus, cancer cells can be expected to be more 
likely to have these proteins bound to Class I MHC mol- 
ecules at the cell surface. Accordingly, CTLs which specifi- 
cally recognize the target protein/MHC 1 complex will be 
more effective against cancer cells. 

In addition to oncogene products as target antigens, 
variable regions of antibodies made by B cell lymphomas 
and variable regions of T cell receptors of T cell lymphomas 
can also be used as target antigens. These antigens are 
discussed and described in greater detail below in the section 
referring to autoimrnnne disease. However, it is contem- 
plated that similar vaccination strategies can be used for 
treating and preventing these types of cancer. 
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Additionally, other tumor-associated proteins can be used 
as target proteins. Such proteins are generally those which 
arc found at higher levels in tumor cells. Examples include 
the protein recognized by monoclonal antibody 17-1 A and 
folate binding proteins. 5 

While the present invention may be used to immunize an 
individual against one or more of several forms of cancer, 
the present invention is particularly useful to immunize an 
individual who is predisposed to develop a particular cancer 
or who has had cancer and is therefore susceptible to a ]0 
relapse. 

Developments in genetics and technology as well as 
epidemiology allow for the determination of probability and 
risk assessment for the development of cancer in individual. 
Using genetic screening and/or family health histories, it is 15 
possible to predict the probability a particular individual has 
for developing any one of several types of cancer. Those 
individuals identified as being predisposed to developing a 
particular form of cancer can, by using the methods of the 
present invention, take prophylactic steps towards reducing 20 
the risk of cancer. According to the present invention, 
high-risk individuals can be immunized against the form of 
cancer that they have a predisposition to develop. 

Similarly, those individuals who have already developed 
cancer and who have been treated to remove the cancer or 25 
are otherwise in remission are particularly susceptible to 
relapse and reoccurrence. As part of a treatment regimen, 
such individuals can be immunized against the cancer that 
they have been diagnosed as having had in order to combat 
a recurrence. Thus, once it is known that an individual has 30 
had a type of cancer and is at risk of a relapse, they can be 
immunized in order to prepare their immune system to 
combat any future appearance of the cancer. 

The present invention provides a method of treating 
individuals suffering from hyperproliferative diseases. In 35 
such methods, the introduction of genetic constructs serves 
as an immunotherapeutic, directing and promoting the 
rnimnne system of the individual to combat hyperprolifera- 
tive cells that produce the target protein. 

The present invention provides a method of treating 
individuals suffering from autoimmune diseases and disor- 
ders by conferring a broad based protective immune 
response against targets that are associated with autoimmu- 
nity including cell receptors and cells which produce "self*- 
directed antibodies. 

T cell mediated autoimmune diseases include Rheuma- 
toid arthritis (RA), multiple sclerosis (MS), Sjogren's syn- 
drome, sarcoidosis, insulin dependent diabetes mellitus 
(IDDM), autoimmune thyroiditis, reactive arthritis, anky- 50 
losing spondylitis, scleroderma, polymyositis, dermatomyo- 
sitis, psoriasis, vasculitis, Wegener's granulomatosis, 
Crohn's disease and ulcerative colitis. Each of these diseases 
is characterized by T cell receptors that bind to endogenous 
antigens and initiate the inflammatory cascade associated 55 
with autoimmune diseases. Vaccination against the variable 
region of the T cells would elicit an imrnune response 
including CTLs to eliminate those T cells. 

In RA, several specific variable regions of T cell receptors 
(TCRs) which are involved in the disease have been char- 60 
acterized These TCRs include vjj-3, V0-14, V|M7 and 
Va-17. Thus, vaccination with a DNA construct that 
encodes at least one of these proteins will elicit an immune 
response that will target T cells involved in RA. See: 
Howell, M.D., et al., 1991 Pwc. Natl Acad. ScL USA 65 
88:10921-10925; Paliard, X„ et al., 1991 Science 
253:325-329; Williams, W. V., et aL, 1992 / Clin. Invest 
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90:326-333; each of which is incorporated herein by refer- 
ence. 

In MS, several sped fie variable regions of TCRs which 
arc involved in the disease have been characterized. These 
TCRs include V0-7 and Va-10. Thus, vaccination with a 
DNA construct that encodes at least one of these proteins 
will elicit an immune response that will target T cells 
involved in MS. Sec: Wucherpfcnnig, K. W., et al., 1990 
Science 248:1016-1019; Oksenberg, J. R, et al., 1990 
Nature 345:344-346; each of which is incorporated herein 
by reference. 

In scleroderma, several specific variable regions of TCRs 
which are involved in the disease have been characterized. 
These TCRs include V0-6, Vp-8, V{M4 and Va-16, Va-3C, 
Va-7, Va-14, Va-15, Va-16, Va-28 and Va-12. Thus, 
vaccination whh a DNA construct that encodes at least one 
of these proteins will elicit an immune response that will 
target T cells involved in scleroderma. 

In order to treat patients suffering from a T cell mediated 
autoimmune disease, particularly those for which the vari- 
able region of the TCR has yet to be characterized, a 
synovial biopsy can be performed Samples of the T cells 
present can be taken and the variable region of those TCRs 
identified using standard techniques. Genetic vaccines can 
be prepared using this information. 

B cell mediated autoimmune diseases include Lupus 
(SLE), Grave's disease, myasthenia gravis, autoimmune 
hemolytic anemia, autoimmune thrombocytopenia, asthma, 
cryoglobulinemia, primary biliary sclerosis and pernicious 
anemia. Each of these diseases is characterized by antibodies 
which bind to endogenous antigens and initiate the inflam- 
matory cascade associated with autoimmune diseases. Vac- 
cination against the variable region of antibodies would 
elicit an immune response including CTLs to eliminate those 
B cells that produce the antibody. 

In order to treat patients suffering from a B cell mediated 
autoimmune disease, the variable region of the antibodies 
involved m the autoirnmune activity must be identified. A 
biopsy can be performed and samples of the antibodies 
present at a site of mflarnmatjon can be taken. The variable 
region of those antibodies can be identified using standard 
techniques. Genetic vaccines can be prepared using this 
information. 

In the case of SLE, one antigen is believed to be DNA. 
Thus, in patients to be immunized against SLE, their sera 
can be screened for anti-DNA antibodies and a vaccine can 
be prepared which includes DNA constructs that encode the 
variable region of such anti-DNA anybodies found in the 
sera. 

Common structural features among the variable regions of 
both TCRs and antibodies are well known. The DNA 
sequence encoding a particular TCR or antibody can gen- 
erally be found following well known methods such as those 
described in Kabat, et al. 1987 Sequence of Proteins of 
Immunological Interest U.S. Department of Health and 
Human Services, Bethesda Md., which is mcorporaied 
herein by reference. In addition, a general method for 
cloning functional variable regions from antibodies can be 
found in Chaudhary, V. 1C, et al., 1990 Pwc, Natl Acad ScL 
USA 87:1066, which is incorporated herein by reference. 

According to the invention, the genetic vaccine may be 
administered directly into the individual to be immunized or 
ex vivo into removed cells of the individual which are 
reimplanted after administration. By either route, the genetic 
material is introduced into cells which are present in the 
body of the individual Routes of administration include, but 
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arc nol limited to, intramuscular, intraperitoneal, intrader- 
mal, subcutaneous, intravenous, imraartcrially, intraoccu- 
larly and oral as well as transdermally or by inhalation or 
suppository. Preferred routes of administration include intra- 
muscular, intraperitoneal, intradermal and subcutaneous 5 
injection. Genetic constructs may be administered by means 
including, but not limited to, traditional syringes, needleless 
injection devices, or **rnicroprojcctile bombardment gene 
guns". Alternatively, the genetic vaccine may be introduced 
by various means into cells that are removed from the \q 
individual. Such means include, for example, ex vivotransr. . . 
fection, clectroporation, microinjection and microprojecule 
bombardment. After the genetic construct is taken up by the 
cells, they are reimplanted into the individual. It is contem- 
plated that otherwise non-i mmunogenic cells that have 15 
genetic constructs incorporated therein can be implanted 
into the individual even if the vaccinated cells were origi- 
nally taken from another individual. 

The genetic vaccines according to the present invention 
comprise about 1 nanogram to about 1000 micrograms of 20 
DNA. In some preferred embodiments, the vaccines contain 
about 10 nanograms to about 800 micrograms of DNA. In 
some preferred embodiments, the vaccines contain about 0. 1 
to about 500 micrograms of DNA. In some preferred 
embodiments, the vaccines contain about I to about 350 25 
micrograms of DNA. In some preferred embodiments, the 
vaccines contain about 25 to about 250 micrograms of DNA. 
In some preferred embodiments, the vaccines contain about 
100 micrograms DNA. 

The genetic vaccines according to the present invention 30 
are formulated according to the mode of administration to be 
used. One having ordinary skill in the art can readily 
formulate a genetic vaccine that comprises a genetic con- 
struct In cases where intramuscular injection is the chosen 
mode of admimstration, an isotonic formulation is prefer- 35 
ably used. Generally, additives for isotonicity can include 
sodium chloride, dextrose, marmitol, sorbitol and .lactose. In 
some cases, isotonic solutions such as phosphate buffered 
saline are preferred. Stabilizers include gelatin and albumin. 
In some embodiments, a vaso~cc*istriction agent is added to 40 
the formulation. The pharmaceutical preparations according 
to the present invention are provided sterile and pyrogen 
free. 

Genetic constructs may optionally be formulated with one ^ 
or more response enhancing agents such as: compounds 
which enhance transfection, i.e. transfecting agents; com- 
pounds which stimulate cell division, Le. replication agents; 
compounds which stimulate immune cell migration to the 
site of administration, Le. inflammatory agents; compounds ^ 
which enhance an immune response, i.e. adjuvants or com- 
pounds having two or more of these activities. 

As used herein, the term "transfection agent" is meant 
refer to an agent that promotes and facilitates the uptake of 
genetic material by the cells. According to the present J5 
invention, cells are contacted with one or more transfection 
agents prior to, simultaneously with or subsequent to admin- 
istration of the genetic construct. 

As used herein, the term "replicating agent" is meant , to 
refer to an agent that stimulates cell division and replication. £0 
According to the present invention, cells are contacted with 
one or more replicating agents prior to simultaneously with, 
or subsequent to administration of the genetic construct 

As used herein, the term "inflammatory agent** is meant to 
refer to an agent that induces migration and chemotaxis of 65 
cells involved in an immune response to the site in an 
individual where it is administered. According to the present 
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invention, cells are contacted with one or more inflamma- 
tory agents prior to, simultaneously with, or subsequent to 
administration of the genetic construct An inflammatory 
agent can be an irritant which disrupts or damages tissue. 
Thus, in addition to the cells that are normally present at the 
site of administration, the migrating immune cells can come 
into contact with and take up the administered genetic 
construct. 

As used herein, the term "cell stimulating agent" refers to 
a compound that is both a transfection agent in that it 
facilitates DNA and RNA uptake by cells and a replicating 
agent in that is stimulates cell division and replication. As 
used herein, the terms "cell stimulating agent** or "cell 
proliferative agent" are used interchangeably and refer to 
compounds which arc transfecting agents and replicating 
agents. Cell stimulating agents facilitate DNA and RNA 
uptake, and stimulate cell division. 

In some embodiments, the transfecting agent used is 
preferably a cell stimulating agent In some embodiments, a 
transfecting agent is used which is also an inflammatory 
agent In some embodiments, a transfecting agent is used 
which is also an adjuvant In some embodiments, a trans- 
fecting agent is used which is also an mflammatory agent 
and an adjuvant In some embodiments, a cell stimulating 
agent is used which is also an inflammatory agent In some 
embodiments, a cell stimulating agent is used which is also 
an adjuvant. In some embodiments, a cell stimulating agent 
is used which is also an inflammatory agent and an adjuvant 
In some embodiments, a replicating agent is used which is 
also an inflammatory agent In some embodiments, a repli- 
cating agent is used which is also an adjuvant In some 
embodiments, a replicating agent is used which is also an 
mflammatory agent and an adjuvant In some embodiments, 
an inflammatory agent is used which is also an adjuvant 

In a preferred embodiment, bupivacaine, a well known 
and commercially available pharmaceutical compound, is 
administered prior to, simultaneously with or subsequent to 
the genetic construct Bupivacaine and the genetic construct 
may be formulated in the same composition. Bupivacaine is 
particularly useful as a cell stimulating agent in view of its 
many properties and activities when administered to tissue. 
Bupivacaine promotes and facilitates the uptake of genetic 
material by the celt As such, it is a transfecting agent 
Administration of genetic constructs in conjunction with 
bupivacaine facilitates entry of the genetic constructs into 
cells. Bupivacaine is believed to disrupt or otherwise render 
the cell membrane more permeable. Cell division and rep- 
lication is stimulated by bupivacaine. Accordingly, bupiv- 
acaine acts as a replicating agent Administration of bupiv- 
acaine also irritates and damages the tissue. As such, it acts 
as an inflammatory agent which elicits migration and 
chemotaxis of immune cells to the site of admirristraiion. In 
addition to the cells normally present at the site of admin- 
istration, the cells of the immune system which migrate to 
the site in response to the inflammatory agent can come into 
contact with the administered genetic material and the 
bupivacaine. Bupivacaine, acting as a transfection agent, is 
available to promote uptake of genetic material by such cells 
of the immune system as well. 

Bupivacaine is related chemically and pharmacologically 
to the aminoacyl local anesthetics. It is a homologue of 
mepivacaine and related to iidocaine. Bupivacaine renders 
muscle tissue voltage sensitive to sodium challenge and 
effects ion concentration within the cells. A complete 
description of bupivacaine' s pharmacological activities can 
be found in Ritchie, J. M. and N. M. Greene, The Pharma- 
cological Basis of Therapeutics, Eds.: Gflman, A. G. et al, 
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8th Edition, Chapter 15:3111, which is incorporated herein 
by reference. Bupivacaine and compounds thai display a 
functional similarity to bupivacaine are preferred in the 
method of the present invention. 

Bupivacaine- HC1 is chemically designated as 2-piperidi- 5 
necarboxamide, 1 -butyl-N-(2,6^dimethyIphcnyl)monohy- 
drochloride, monohydrate and is widely available commer- 
cially for pharmaceutical uses from many sources including 
from Astra Pharmaceutical Products Inc. (Westboro, Mass.) 
and Sanofi Winthrop Pharmaceuticals (New York, N.Y.), l0 
Eastman Kodak (Rochester, N.Y.). Bupivacaine is commer- 
cially formulated with and without methylparaben and with 
or without epinephrine. Any such formulation may be used. 
It is commercially available for pharmaceutical use in con- 
centration of 0.25%, 0.5% and 0.75% which may be used on 
the invention. Alternative concentrations which elicit desir- 15 
able effects may be prepared if desired According to the 
present invention, about 250 ug to about 10 mg of bupiv- 
acaine is administered In some embodiments, about 250 ug 
to about 7.5 mg is administered In some embodiments, 
about 0.50 mg to about 5.0 mg is administered In some 20 
embodiments, about 1.0 mg to about 3.0 mg is administered 
In some embodiments about 5.0 mg is administered For 
example, in some embodiments about 50 pi to about 2 ml, 
preferably 50 ul to about 1500 ul and more preferably about 
1 ml of 0.5% bupivacaine-HD and 0.1% methylparaben in 25 
an isotonic pharmaceutical carrier is administered at the 
same site as the vaccine before, simultaneously with or after 
the vaccine is administered Similarly, in some embodi- 
ments, about 50 ul to about 2 ml, preferably 50 ul to about 
1500 ul and more preferably about 1 ml of 0.5% bupiv- ^ 
acaine-HCl in an isotonic pharmaceutical carrier is admin- 
istered at the same site as the vaccine before, simultaneously 
with or after the vaccine is administered Bupivacaine and 
any other similarly acting compounds, particularly those of 
the related family of local anesthetics may be administered 3S 
at concentrations which provide the desired facilitation of 
uptake of genetic constructs by cells. 

In some embodiments of the invention, the individual is 
first subject to bupivacaine injection prior to genetic vacci- 
nation by intramuscular injection. That is, up to, for 40 
example, up to a about a week to ten days prior to vacci- 
nation, the individual is first injected with bupivacaine. In 
some embodiments, prior to vaccination, the individual is 
injected with bupivacaine about 1 to 5 days before admin- 
istration of the genetic construct. In some embodiments, 45 
prior to vaccination, the individual is injected with bupiv- 
acaine about 24 hrs before administration of the genetic 
construct Alternatively, bupivacaine can be injected simul- 
taneously, minutes before or after vaccination. Accordingly, 
bupivacaine and the genetic construct may be combined and 50 
injected simultaneously as a mixture. In some embodiments, 
the bupivacaine is administered after administration of the 
genetic construct For example, up to about a week to ten 
days after administration of the genetic construct, the indi- 
vidual is injected with bupivacaine. In some embodiments, 55 
the individual is injected with bupivacaiiie about 24 hrs after 
vaccination. In some embodiments, the individual is injected 
with bupivacaine about 1 to 5 days after vaccination. In 
some embodiments, the individual is administered bupiv- 
acaine up to about a week to ten days, after vaccination. 60 

In addition to bupivacaine, mepivacame, lidocame, 
procains, carbocaine and methyl bupivacaine, other simi- 
larly acting compounds may be used as response enhancing 
agents. Such agents acts a cell stiumulating agents which 
promote the uptake of genetic constructs into the cell and 65 
stimulate cell replication as well as initiate an inflammatory 
response at the site of administration. 
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Other contemplated response enhancing agents which 
may function transfecting agents and/or replicating agents 
and/or inflammatory agents and which may be co-admin- 
stered with bupivacaine and similar acting compounds 
include lectins, growth factors, cytokines and lymphoid nes 
such as a-interferon, garama-interferon, platelet derived 
growth factor (PDGF), gCSF, gMCSF, TNF, epidermal 
growth factor (EGF), IL-1 , IL-2, IL-4, IL-6, IL-8, IL-10 and 
11^ 12 as well as collagcnase, fibroblast growth factor, estro- 
gen, dexamcthasone, saponins, surface active agents such as 
immune-stimulatjng complexes (ISCOMS), Freund's 
incomplete adjuvant, LPS analog including monophospho- 
ryl Lipid A (MFL), murarnyl peptides, qui none analogs and 
vesicles such as squalene and squalane, hyaluronic acid and 
hyaluronidase may also be used administered in conjunction 
with the genetic construct. In some embodiments, combi- 
nations of these agents are administered in conjunction with 
bupivicaine and the genetic construct For example, bupiv- 
acaine and either hyaluronic acid or hyaluronidase are 
co-administered with a genetic construct 

The genetic construct may be combined with collagen as 
an emulsion and delivered parenterally. The collagen emul- 
sion provides a means for sustained release of DNA. 50 ul 
to 2 ml of collagen are used About 100 ug DNA are 
combined with 1 ml of collagen in a preferred embodiment 
using this formulation. 

In some embodiments of the invention, the genetic con- 
struct is injected with a needleless injection device. The 
needleless injection devices are particularly useful for simul- 
taneous administration of the material intramuscularly, intra- 
dermally and subcutaneously. 

In some embodiments of the invention, the genetic con- 
struct is administered with a response enhancing agent by 
means of a microprojectile particle bombardment procedure 
as taught by Sanford et a), in U.S. Pat No. 4,945,050 issued 
Jul. 31, 1990, which is incorporated herein by reference. 

In some embodiments of the invention, the genetic con- 
struct is administered as part of a liposome complex with a 
response enhancing agent. 

In some embodiments of the invention, the individual is 
subject to a single vaccination to produce a full, broad 
immune response. In some embodiments of the invention, 
the individual is subject to a series of vaccinations to 
produce a full, broad immune response. According to some 
embodiments of the invention, at least two and preferably 
four to five injections are given over a period of time. The 
period of time between injections may include from 24 
hours apart to two weeks or longer between injections, 
preferably one week apart Alternatively, at least two and up 
to four separate injections are given simultaneously at 
different sites. 

In some embodiments of the invention, a complete vac- 
cination includes injection of a single inoculant which 
contains a genetic construct including sequences encoding 
one or more targeted epitopes. 

In some embodiments of the invention, a complete vac- 
cination includes injection of two or more different inocu- 
lants into different sites. For example, in an HTV vaccine 
according to the invention, the vaccine comprises two inocu- 
lants in which each one comprises genetic material encoding 
different viral proteins. This method of vaccination allows 
the mtroduction of as much as a complete set of viral genes 
into the individual without the risk of assembling an infec- 
tious viral particle. Thus, an immune response against most 
or all of the virus can be invoked in the vaccinated indi- 
vidual. Injection of each inoculant is performed at different 
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sites, preferably al a distance to ensure no cells receive both 
genetic constructs. As a further safety precaution, some 
genes may be deleted or altered to further prevent the 
capability of infectious viral assembly. As used herein, the 
term "pharmaceutical kit" is meant to collectively refer to 5 
multiple inoculant used in the present invention. Such kits 
include separate containers containing different inoculants 
and/or cell stimulating agents. It is intended that these kits 
be provided to include a set of inoculants used in an 
immunizing method. 10 

While the disclosure herein primarily relates to uses of the 
methods of the present invention to immunize humans, the 
methods of the present invention can be applied to veteri- 
nary medical uses too. It is within the scope of the present 
invention to provide methods of immunizing non-human as 15 
well as human individuals against pathogens and protein 
specific disorders and diseases. Accordingly, the present 
invention relates to genetic immunization of mammals, birds 
and fish. The methods of the present invention can be 
particularly useful for mammalian species including human, 20 
bovine, ovine, porcine, equine, canine and feline species. 

While this disclosure generally discusses immunization in 
the context of prophylactic methods of protection, the term 
"immunizing" is meant to refer to both prophylactic and 
therapeutic methods. Thus, a method of immunizing 
includes both methods of protecting an individual from 
pathogen challenge or occurrence or proliferation of specific 
cells as well as methods of treating an individual suffering 
from pathogen infection, hyperprou'ferative disease or 
autoimmune disease. Accordingly, the present invention 
may be used as a vaccine for prophylactic protection or in a 
therapeutic manner, that is, as immunotherapeutic methods 
and preparations. 

Other aspects of the invention include the use of bupiv- 35 
acaine and related, similarly acting cell stimulating agents in 
methods of introducing therapeutic genes into cells of an 
individual. Thus, one aspect of the present invention relates 
gene therpy; that is, to methods of introducing nucleic acid 
molecules that encode therapeutic proteins into the cells of ^ 
an individual. The administration protocols and genetic 
constructs useful in gene therapy applications are the same 
as those described above for genetic immunization except 
the genetic constructs include nucleotide sequences that 
encode proteins whose presence in the individual will elinri- 45 
nate a deficiency in the individual and/or whose presence 
will provide a therapeutic effect on the individual. 

The Examples set out below include representative 
examples of aspects of the present invention. The Examples 
are not meant to limit the scope of the invention but rather y> 
serve exemplary purposes. In addition, various aspects of the 
invention can be summarized by the following description. 
However, this description is not meant to limit the scope of 
the invention but rather to highlight various aspects of the 
invention. One having ordinary skill in the art can readily 55 
appreciate additional aspects and embodiments of the inven- 
tion. 
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According to the present invention, an effective vaccine 
has been produced which can invoke a protective immune 
response against HIV infected cells as well as ceU free virus. 65 
As the awareness of AIDS and HIV infection has grown, 
repeated attempts and vast expenditures of resources and 



efforts have been made to produce an HTV vaccine. Despite 
enormous efforts, little progress has been made thus far and 
the long fell need for an HIV vaccine has gone unabated. 

The present invention provides an HIV vaccine using 
direct genetic immunization. Genetic constructs are pro- 
vided which, when delivered into the cells of an individual, 
are expressed to produce HTV proteins. According to some 
embodiments, the production of all viral structural proteins 
in the cells of the individual elicit a protective immune 
response which protects against HIV infection. The HIV 
vaccine of the present invention may be used to immunize 
uninfected individuals from HIV infection or serve as an 
immunotherapeutic for those individuals already infected. 
The HTV vaccine of the present invention invokes an 
immune response including CTLs which recognize and 
attack HIV infected cells and recognize the widest contin- 
gent of HIV protein. Thus, uninfected individuals are pro- 
tected from HTV infection. 

In some embodiments, the present invention relates to a 
method of immunizing an individual against HTV by admin- 
istering two inoculants. These two inoculants comprise at 
least two and preferably more than two, a plurality or all of 
die genes of the HIV virus. However, the inoculants are not 
delivered together. Accordingly, an inoculated cell will not 
be administered a complete complement of genes. The 
vaccinated individual will receive at least two different and 
preferably more than two, more preferably a plurality or all 
of the viral genes. Immune responses can then be directed at 
the total complement of HTV protein target. 

This strategy serves two purposes. First, it is unknown 
which target protein is most effective as an immunizing 
antigen to protect an individual against infection. Thus, 
immunizing with two or more provides a greater probability 
that the vaccinated individual will be provided with suffi- 
cient immunogenic target proteins for eliciting a protective 
immune response. Secondly, HTV proteins are known to 
undergo structural changes due to mutation. By providing 
multiple antigenic targets, the probability that a viral particle 
will escape detection by the immune response is reduced 
despite structural changes in one or more viral proteins. 
Accordingly, it is desirable to vaccinate an individual with 
multiple and preferably a nearly complete or complete 
complement of genes encoding viral proteins. 

If a single cell is provided with a complete complement of 
viral genes, it is possible that a complete infectious vims can 
be assembled within the cell. Accordingly, a genetic con- 
struct according to the present invention is not provided with 
such a full complement of genes. Furthermore, two or more 
inoculants, each having an incomplete set of genes and 
combined having up to a full complement of viral genes, are 
administered to different cells, preferably at a distant site 
from each other to ensure that no vaccinated cell will 
inadvertently be exposed to a full set of genes. For example, 
a portion of the HTV genome may be inserted into a first 
construct and the remaining portion of the HIV genome is 
inserted in a second construct The first construct is admin- 
istered to an individual as a genetic vaccine in the muscle 
tissue of one arm while the second construct is administered 
to an individual as a genetic vaccine in the muscle tissue of 
the individual's other arm. The individual may be exposed 
to a full set of viral genes; thus essentially vaccinating 
against the whole virus but with no risk that an infectious 
viral particle will be assembled 

As an additional safety precaution, even when genetic 
material is delivered by two or more inoculants at distant 
parts of the individual's body, one or more essential genes 
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can be deleted or intentionally altered to further ensure that 
an infectious viral particle cannot be formed. In such 
embodiments, the individual is not administered a complete 
functional set of viral genes. 

A further safety precaution provides non-overlapping 5 
portions of the viral genome on the separate genetic con- 
structs that make up the separate inoculants respectively. 
Accordingly, recombination between the two genetic con- 
structs is prevented. 

In some embodiments of the present invention, a full 10 
complement of structural genes are provided The structural 
genes of HIV consist of gag, pol and env. These three genes 
are provided on two different DNA or RNA constructs. 
Accordingly, in one preferred embodirnent, gag and pol are 
on one DNA or RNA construct and env is on another. In 15 
another preferred embodiment, gag is on one DNA or RNA 
construct and pol and env is on the other. In another 
preferred emrxxhment, gag and env are on one DNA or RNA 
construct and pol is on the other. Optionally, in any of these 
combinations, HIV regulatory genes may also be present 20 
The HTV regulatory genes are: vpr, vif, vpu, nef, tat and rev. 

Hie DNA construct in a preferred embodiment consists of 
a promoter, an enhancer and a polyadenylation signal. The 
promoter may be selected from the group consisting of: HTV 
LTR, human Actin, human Myosin, CMV, RSV, Moloney, 25 
MMTV, human Hemoglobin, human muscle creatine and 
EBV. The enhancer may be selected from the group con- 
sisting of: human Actin, human Myosin, CMV, RSV, human 
Hemoglobin, human muscle creatine and EBV. The poly- 
adenylation signal may be selected from the group consist- 30 
ing of: LTR polyadenylation signal and SV40 polyadenyla- 
tion signal, particularly the SV40 minor polyadenylation 
signal among others. 

In some embodiments, the two inoculant vaccine is 
administered intramuscularly at spatially segregated tissue 35 
of the individual, preferably in different appendages, such as 
for example in the right and left arms. Each inoculant of the 
present invention may contain from about 0.1 to about 1000 
micrograms of DNA. Preferably, each inoculant contains 
about 1 to about 500 micrograms of DNA. More preferably, *° 
each inoculant contains about 25 to about 250 micrograms 
of DNA. Most preferably, each inoculant contains about 100 
micrograms DNA. 

The inoculant in a preferred embodiment is in a sterile 
isotonic carrier, preferably phosphate buffered saline or 45 
saline solution. 

In some embodiments, prior to vaccine administration, the 
tissue to be vaccinated is injected with a cell proliferating 
agent, preferably bupivacaine. Bupivacaine injections may ^ 
be performed up to about 24 hours prior to vaccination. It is 
contemplated that bupivacaine injection will occur imme- 
diately before vaccination. About 50 ul to about 2 ml of 
05% bupivacaine-HO and 0.1% methylparaben in isotonic 
NaQ is administered to the site where the vaccine is to be - 
administered, preferably, 50 ul to about 1500 ul, more 
preferably about 1 ml. 

In other embodiments, a cell proliferating agent, prefer- 
ably bupivacaine is included in the formulation together 
with the genetic construct About 50 pi to about 2 ml of 0.5% & 
bupivacame-HQ and 0.1% methylparaben in isotonic Nad 
is administered to the site where the vaccine is to be 
adrmnistered, preferably, 50 ul to about 1500 ul, more 
preferably about 1 ml. 

Accordingly, some embodiments comprise a two inocu- 65 
lant vaccine: one inoculant comprising a DNA or RNA 
construct having two HTV structural genes, the other inocu- 



,972 

24 

lant comprising a DNA or RNA construct having the third, 
remaining HTV structural gene such that the combined 
inoculants contain a full complement of HTV structural 
genes. The structural genes on each DNA construct are 
opcrably linked to a promoter, an enhancer and a polyade- 
nylation signal. The same or different regulatory elements 
may control expression of the viral genes. When vaccinating 
an individual, the two inoculants are administered intramus- 
cularly to afferent sites, preferably on different arms. In 
some embodiments of the invention, bupivacaine is first 
administered at the site where inoculant is to be adminis- 
tered In some embodiments of the invention, bupivacaine is 
included in die formulations together with the genetic con- 
structs. 

In some embodiments, the vaccination procedure is 
repeated at least once and preferably two or three times. 
Each vaccination procedure is performed from 24 hours to 
two months apart 

In some embodiments, the vaccine is administered using 
a needleless injection device. In some embodiments, the 
vaccine is administered hypodernrically using a needleless 
injection device thus providing intramuscular, intradermal, 
subcutaneous administration simultaneously while also 
administering the material interstitially. 

Preferred genetic constructs include the following. Plas- 
mids and Cloning Strategies: 

Two plasmids were constructed: one which contains HIV 
gag/pol and the other which contains HTV env. 

The HTV-1 genomic clone pNL43 was obtained through 
the NIH AIDS Research and Reference Reagent Program 
(ARRRP), Division of AIDS, NIAID, NIH, from Dr. Mal- 
com Martin, and can be used as the starting material for 
HTV-1 viral genes for genetic constructs. Alternatively, any 
HIV molecular clone of infected cell can, through use of the 
polymerase chain technology, be modified sufficiently for 
construction including the HXB2 clone the MN clone as 
well as the SF or BAL-1 clone. The pNL43 clone is a 
construct that consists of HIV- 1 proviral DNA plus 3 kb of 
host sequence from the site of integration cloned into 
pUQS. 

Construction of pNL-puro-env plasnrid: 

This plasmid was constructed for expression of gag pot 
The StuI site within the non-HTV 5* flanking human DNA of 
pNL43 was destroyed by partial digestion with StuI fol- 
lowed by digestion of the free ends with £ coli polymerase 
1 . The linear plasmid was filled and then self ligated, leaving 
a unique StuI site within the HTV genome. This plasmid, 
pNLDstu, was then digested with the blunting enzymes StuI 
and BsaBl which eliminated a large section of the coding 
sequence for gp!20. Hie SV40 promoter and puromycin 
resistance coding region (puromycin acetyl transferase 
(FAQ) were isolated from pBABE-puro (Morgenstem and 
Land, 1990 NucL Acids Res. I8(12):3587-3596, which is 
incorporated herein by reference, kindly provided by Dr. 
Hartrnut Land of the Imperial Cancer Research Fund) using 
EcoRI and Clal. This fragment was blunted, then cloned into 
the StuI/BsaBI-digested pNLDstu. A clone was selected 
with the SV40-puro fragment in the correct orientation so 
that the 3' LTR of HTV could provide poly A functions for 
the PAC message. This plasmid was designated pNLpuro. 
Cloning strategy for deletion of vpr regulatory gene from the 
HTV gag pol vector. 

A region from just upstream of the unique PflMI site to 
just after the vif termination codon was amplified via PCR 
using primers that introduced a non-conservative amino acid 
change (glu-ml) at aminoacid 22 of vpr, a slop codon in the 
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vpr reading frame immediately after amino acid 22, and an 
EcoRl site immediately following the new stop codon. This 
PCR fragment was substituted for the PMMI-EcoR I frag- 
ment of pNLpuro or pNL43. This substitution resulted in the 
deletion of 122 nucleotides of the open reading frame of vpr, 5 
thus eliminating the possibility of reversion that a point 
mutation strategy entails. The resulting plasnrids, 
pNLpuroAvpr, encode the first 21 natural amino acids of vpr 
plus a valine plus all other remaining HIV-1 genes and splice 
junctions in their native form. Such deletion strategy would 10 
also be applicable to nef, vif, and vpu and allow for 
structural gene expression but protect from the generation of 
a live recombinant virus. 
Plasmid construction for envelope expression: 

The DNA segment encoding the envelope gene of HIV-1 15 
HXB2 was cloned by the polymerase chain reaction (PCR) 
amplification technique utilizing the lambda cloned DNA 
obtained from the AIDS Research and Reference Reagent 
Program. The sequences of the 5* and 3' primers are 5-AG- 
GCGTTCTCGAGACAGAGGAGACCAAGAAATG-3* 20 
(SEQ ID NO:l) with incorporation of Xhol site and 
5'-TTTCXXnXTAGATAAGCCATCCAATCACAC-3 T 
(SEQ ID NO: 2) with incorporation of Xbal site, respec- 
tively, which encompass gp 160, tat and rev coding region. 
Gene specific amplification was performed using Taq DNA 25 
polymerase according to the manufacturer's instructions 
(Perkin-Elmer Cetus Corp.). The PCR reaction products 
were treated with 0.5 ug/ml proteinase K at 37° C for thirty 
minutes followed by a phenol/chloroform extraction and 
ethanol precipitation. Recovered DNA was then digested 30 
with Xhol and Xbal for two hours at 37° C and subjected to 
agarose gel electrophoresis. The isolated and purified Xhol- 
Xbal PCR fragment was cloned into Btuescript plasmid 
(Stratagene Inc., La Jolla, Calif.) and then subcloned into the 
eukaryotic expression vector pMAMneoBlue (Qontech 35 
Laboratories, Inc., Palo Alto, Calif.). The resulting construct 
was designated as pMl 60. The plasmid DNA was purified 
with CsQ gradient ultracentrifugation. 
An alternative envelope expression plasmid construction 
called HIV-1 env-rev plasmid: 40 

The region encoding the two exons of rev and the vpu and 
envelope open reading frames of HIV-1 HXB2 was ampli- 
fied via PCR and cloned into the expression vector pCNDA/ 
neo (Invitrogen). This plasmid drives envelope production 
through the CMV promoter. 45 
Production and Purification: 

The plasmid in E. cob' (DH5 alpha) is grown up as 
follows: An LB plus ampicilHn agar plate is streaked with 
the desired plasmid culture from frozen stock. The plate is 
irjeubatedovermght (14-15 b 50 
is taken from the plate and inoculated into 15 ml of LB 
medium with a peptone preparation and 50 ug/ml ampicfllm. 
This culture is grown at 37° C wmle being shaken (ca. 175 
rpm) for 8-10 hours. OD^ readings should be at least 1.0. 
1 liter of LB medium with peptone and 50 ug/ml ampiciUin 55 
is inoculated with 1.0 OD of culture. These 1-2 liter cultures 
are grown overnight at 37° C. while being shaken (175 rpm). 

Plasmid grown in £ coli (strain DH5 alpha) are harvested 
and purified by the following methods. General procedures 
for the lysis of cells and purification of plasmid can be found 60 
in "Molecular Coning: A Laboratory Manual", 2nd Edition, 
J. Sambrook, E. F. Fritsch, and T. Maniatis, Cold Spring 
Harbor Press, 1989. The cells are concentrated and washed 
with ^ucose-tris-EDTA pH 8.0 buffer. The concentrated 
cells are lysed by treatment with lysozyme and briefly 65 
treated with 0.2N KOH, the pH is then adjusted 5.5 with 
potassium acetate/acetic acid buffer. Insoluble material is 



removed by centrifugation. To the supernatant is added 
2-propanol to precipitate the plasmid. The plasmid is rcdis- 
solved in tris-EDTA buffer and further purified by phenol/ 
chloroform extraction and an additional precipitation with 
2-propanol. 

Endotoxin can optionally be removed by a variety of 
methods including the following: specific adsorption by 
immobilized materials such as polymyxin ("Endotoxin 
removed from hemoglobin solution using polymyxin B-im- 
mobilized fibre (PMX-F) . . . ",1am et al , Biomater Artif 
Cells Immobilization BiotechnoL 20(2-^):457-62 (1992); 
"Efficient endotoxin removal with a new sarritizable affinity 
column: AfS-Prep Polymyxin", Issekutz / Immunol Meth- 
ods 61(3):275-81 (1983)); anti -endotoxin monoclonal anti- 
bodies, such as 8A1 and HA-1 A™ (Centocor, Malvern, Pa.; 
"Human Monoclonal Antibody HA-1A Binds to Endotoxin 
via an Epitope in the Lipid A Domain of Lipopolysaccha- 
ride" Bogard et al. J. Iimnunol. 150(10):4438-4449 (1993); 
Rietschel et al., Infect Immunity page 3863 (1993)); posi- 
tively charged depth filters ( 4C Depyrogenation by endotoxin 
removal with positively charged depth filter cartridge", Hou 
a al., J. Parenter Sci TechnoL 44(4):204-9 (Jury-August 
1990)); polyCgamma-methyl L-glutamate) ("Removal of 
endotoxin from culture supernatant of Bortedella pertussis 
with aminated poly (gamma-methyl L-ghitamate) spherical 
beads", Hirayama et al., Chem. Pharm. Bull. (Tokyo) 
40(8):2106-9 (1992)); mstidine ("Specific removal of 
endotoxin from protein solutions by immobilized hisu'dine", 
Matsumae et al., BiotechnoL Appl Biochem. 12:(2): 129-40 

(1990) ); hydrophobic interaction columns and membranes 
(e.g., "Removal of endotoxin from protein solutions by 
phase separation using Triton X-l 14", Aida et al., 7. Immu- 
nol Methods 132(2):191-5 (1990); ■'Novel endotoxin 
adsorbing materials, polymyxin- sepharose and polyporous 
polyethylene membrane for removal of endotoxin from 
dialysis systems", Umeda et al., Biomater Artif Cells Artif 
Organs 18(4):491-7 (1990); 'The effect of hydrophobic 
interaction on endotoxin adsorption by polymeric affinity 
matrix", Hou el al., Biochem. Biophys. Acta 1073(1): 149-54 

(1991) ; ''Endotoxin removal from water using microporous 
polyethylene chopped fibres as a new adsorbent", Sawada et 
aL, J. Hyg. (London) 97(1):1Q3-14 (1986)); specific hydro- 
phobic resins useful for removing endotoxin including 
hydrophobic polystyrene/divinylbenzene or divinylbenzene 
resins such as Brownlee Polypore Resin (Applied Biosys- 
tems, Palo Alto, Calif.); XUS 40323.00 (Dow Chemical, 
Midland, Mich.); HP20, CHP2QP (Mitsubishi Kasei, U.S.); 
Hamilton PRP-1, PRP-infmity (Hamilton, Reno, Nev.); 
Jonfi Reversed-Phase DVB, Jordi Gel DVB, Polymer Labs 
PLgel™ (Alltech, Deerfield, III.); Vydac PLx™ (Separations 
Group, Hesperia, Calif.); other endotoxin removing materi- 
als and methods include Detoxi-Gel™ Endotoxin Removing 
Gel (Pierce Chemical, Rockford, III.); Application Note 206, 
'X^hromatographic removal of endotoxins and/or ethanol 
from albumin", (Pharmacia Biotech Inc, Piscataway, NJ.) 
See also generally, "Endotoxin Detection and Elimination in 
Biotechnology", Sharma, Biotech. App. Biochem. 8:5-22 
(1986). 

Preferred anti -endotoxin monoclonal antibodies bind to 
the conserved domains of endotoxin, preferably antibodies 
to lipid A, the most structurally conserved portion of the 
endotoxin molecule. Such anti-Hpid A monoclonal antibod- 
ies include the high affinity murine IgG monoclonal anti- 
body 8A1 and the human anti-lipid A lgM(k) monoclonal 
antibody HA-1 A™. HA-1 A™ was derived from a human B 
£ coli J5 vaccine. HA- 1 A™. HA-1 A™ is reported to be 
broadly cross-reactive with a variety of bacterial endotoxins 
(lipopoly&accharides). 
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Example 2 

In experiments designed to compare the immunogenic 
response elicited by genetic vaccination and protein vacci- 
nation, animal models were designed using tumor cells that 
specifically express a foreign target protein. Three immune 
competent mouse models have been developed which 
express foreign antigens. Three clonal tumor cell lines which 
arc derived from the Balb/c mouse strain are used The cell 
lines are: I) a lymphoid cell line which does not metastasize 
significantly to other tissues but forms large palpable tumors 
which appear to kill the animal within an 8-12 week period; 
2) a murine melanoma cell line with some ability to metas- 
tasize, mostly to the lung, and in which, following inocula- 
tion with 1 million cells, results in the development in the 
mice of large palpable tumors which similarly kill the animal 
within 10-12 weeks; and 3) a murine lung adenocarcinoma 
cell line which metastasizes to multiple tissues and kills the 
animal within 12 or more weeks. Subclones have been 
selected which can display foreign antigens in an unrecog- 
nized form. When transfected tumors are implanted into a 
parent mouse strain, unlike the majority of similar murine 
tumor lines, the animals do not make a protective immune 
response to the foreign antigens displayed and the tumors 
are accepted. These tumors then kill the animal with the 
same phenotype in the same time frame as the original 
untransfected tumor. Using these models, the immune 
response elicited by genetic vaccination against an antigen 
can be measured. 

It was observed that mice vaccinated with a genetic 
vaccine comprising a genetic construct that resulted in 
production of the target protein by the cell's of the mouse 
elicited an immune response including a strong cytotoxic 
that completely eliminated tumors displaying the target 
protein but with no effect on tumors that did noL In mice 
inoculated with the target protein itself, the immune 
response elicited thereby was much less effective. The 
tumors were reduced in size but, due to an absence of a 
cytotoxic response, they were not eliminated As controls, 
untransfected tumors were used in experiments comparing 
the immune response of animals vaccinated with the genetic 
vaccine, subumt vaccine and unvaccinated animals. These 
experiments clearly demonstrate that the genetic vaccine 
produced a broader, more effective mnnune response which 
was capable, by virtue of CTL's, of completely eliminating 
tumors. By contrast, immunization using intact target pro- 
tein produced a more limited, less effective immune 
response. 
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In some embodiments of the invention, the infectious 
virus, HIV, which is responsible for AIDS is the pathogenic 
agent against which a genetic vaccine has been designed 
The viral protein gp!60, which is processed into gpl20 and 
gp41 , is the target protein against which a genetic vaccine is 
produced The genetic vaccine contains a DNA construct 
that comprises a DNA sequence encoding gpl60 operably 
linked regulatory elements. When administered to an indi- 
vidual, the DNA construct of the genetic vaccine is incor- 
porated into the cells of the individual and gpl60 is pro- & 
duced The immune response that is elicited by the protein 
is broad based and includes the humoral and both arms of the 
cellular immune response. The broad biological response 
provides superior protection to that achieved when the 
protein itself is administered. 

The following is a description of the use of genetic 
immunization for elicitation of an anti-human immunodefi- 
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ciency virus type 1 (HIV- 1) immune response in mice by 
administering a DNA construct that contains a DNA 
sequence which encodes the HIV envelope glycoprotein 
gp 1 60. The gp 1 60 construct (pM 1 60) expresses biologically 
active HTV-1 envelope proteins in vivo. 

Mice were injected intramuscularly with pM160 and 
subsequently analyzed for anti-HIV immune responses. The 
antisera from animals immunized in this manner produce 
anti-HIV envelope glycoprotein immune responses as mea- 
sured by enzyme linked immunosorbent assay (EL1SA) and 
immunoprecipitation assays. The antisera neutralizes HIV-1 
infection and inhibits HTV-1 induced syncytium formation. 

The observed neutralization and anti-syncytial activity 
may be the result of reactivity of the elicited antibodies to 
functionally important regions of the HTV-1 envelope pro- 
tein, such as the V3 loop of gpl20, CD4 binding site and the 
N- terminal 'Immunodominant" region of gp41, among oth- 
ers. 

The DNA construct (pM160) encoding the HIV-1/HXB2 
(Rsher, A. O, et al., (1985) Nature 316:262-265) gpl60 
membrane bound glycoprotein under control of a RSV 
enhancer element with the MMTV LTR as a promoter (FIG. 
1A) was tested to determine whether this membrane-bound 
protein, when expressed by endogenous cells, can generate 
an anti-pathogen immune responses. The construct was 
generated as follows. The DNA segment encoding the 
envelope gene of HIV-1 HXB2 was cloned by the poly- 
merase chain reaction (PGR) technique amplification utiliz- 
ing the lambda cloned DNA obtained from eh AIDS reposi- 
tory. The sequences of the 5* and 3' primers are 
5*-AGGCGTCTCGAGACAGAGGAGAGCAA- 
GAAATG-3' (SEQ ID NO:ll) with incorporation of Xhol 
site and 5-TTTCCCTCTAGATAAGCCATCCAATCA- 
CAC-3' (SEQ ID NO: 12) with incorporation of Xbal site, 
respectively, which encompass gpl60, tat and rev coding 
region. Gene specific amplification was performed using Taq 
DNA polymerase according to manufacturer's instruction 
(Perkin-Elmer Cetus Corp.) The PGR reaction products 
were treated with 0.5 ug/ml proteinase K at 37° C. for thirty 
minutes followed by a phenol/chloroform extraction and 
ethanol precipitation (Crowe, J. S M et al., (1991) NucL Acids 
Res. 19:1 84). Recovered DNA was then digested with Xhol 
and Xbal for two hours at 37° C and subjected to agarose 
gel electrophoresis. The isolated and purified Xhol-Xbal 
PGR fragment was cloned into Bluescripl plasmid (Strat- 
agene Inc., La JoDa, Calif.) and then subcloned into the 
eukaryotic expression vector pMAMneoBlue (Oontech, 
Inc.). The resulting construct was designated as pM160. The 
plasmid DNA was purified with CsCl purification (Sam- 
brook, J. et al., (1989 Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y.). 

The pM160 construct, which contains a DNA sequence 
that encodes gp!60, was transfected into a human rhab- 
domyosarcoma cell line, TE671 (Stratum, M. R_, et al., 
(1989) Carcinogenesis 10:899-905), to evaluate its expres- 
sion before introduction into living animals. Transection of 
pM16X> construct into TE671 cells was performed according 
to Wang, B., et al., (1992) AIDS Human Retr., in press. 
Briefly, 2 ug of purified pM160 was added to 2x10* TE671 
cells (Stratum, M. R., et al., (1989) Carcinogenesis 
10:899-905) and subject to electroporation. Following elec- 
(roporation, the cells were grown in fresh medium for forty 
eight hours prior to the addition of 500 ug/ml neomycin for 
selection. Individual cells expressing gp!60 envelope pro- 
tein were isolated by binding to M450 magnetic beads 
(Dynal) which was coated with mixture of monoclonal 
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anli-gpl20 antibodies, namely ID6, AD3 and AC4 (Ugcn, K. 
E. el al., (1992) Generation of Monoclonal Antibodies 
Against the Amino Region ofgpllD Which Elicits Antibody 
Dependent Cellular Cytotoxicity, Cold Spring Harbor Labo- 
ratory, 1992). Clones were isolated by limiting dilution of 5 
the gpl60 expressing cells. One of such clone was desig- 
nated as the 3G7 cell line. Expression of gp!20 and gp4l 
was determined by Western blot analysis of whole cell 
lysates of 3G7 cells versus vector-alone transfected TE671 
cells, performed as previously described (Osther, K., et al., ]Q 
(1989) Transplantation 47:834-8; and Werner, D. B., et al., 
(1989) Vaccines, Cold Spring Harbor Press, 115-120). 

Typically, the mature HIV envelope glycoprotein gpl60 is 
processed into gpl 20 and gp41 (Kowalski, M t et al., (1987) 
Science 237:1351-135). The expression of HIV gpl20 and 
gp41 by the pMl60 transfected cell line 3G7 were observed 
in Western blot analysis with anti-gpl60 specific serum 
(Osther, K., et al., (1991) Hybridoma 10:673-683) (FIG. 
IB). Functional expression of gpl 60 by this cell line was 
further demonstrated by the ability of 3G7 but not TE671 
cells to fuse with several CD4 + T-cell cell Kites, 20 

In the genetic immunization procedure described herein, 
the quadriceps muscles of BALB/c mice were injected with 
100 ul of 0.5% bupivacaine-HCl and 0.1 % methylparaben in 
isotonic Nad using a 27-gauge needle to stimulate muscle ^ 
cell regeneration and facilitate uptake of the genetic con- 
struct. Twenty-four hours later, the same injection sites were 
then injected with either 100 ug of pM160 or with 100 ug of 
pMAMneoBlue as a control plasmid (FIG. 1A). The mice 
were boosted by injecting the same amount of DNA con- ^ 
struct three times at two week intervals in the same manner 
but without pre- treatment with bupivacaine-HCl. 

For the recombinant gpl 60 immunization, BALB/C mice 
were initially immunized with 1 g of glycosylated recom- 
binant (HTV-1/III B ) gpl 60 (MicroGeneSys Inc.) in complete 35 
Freund's adjuvant followed by three boosters of 1 ug of 
gpl 60 each in incomplete Freund's adjuvant al two week 
intervals- The production of antibody against HTV-1 gpl 60 
was determined by testing the mouse sera for their ability to 
irnmunoprecipitate gpl 60. Immunoprecirjitation was per- w 
formed using lxlO 6 cpm of l25 I labeled rgpl60, mouse sera 
and protein-G agarose beads (GIBCO, Inc.) as previously 
described by Osther, K., et al., (1991) Hybridoma 
1 0:673-683, which is incorporated herein by reference. The 
specific precipitations were analyzed by 10% SDS-PAGE. 45 
Lane 1 is 1 ul of preimmune mouse serum reacted with the 
,25 I-gpl60. Lane 2 is 1 ul of mouse serum immunized from 
the pM160innnumzed mice. Lane3is 1 \Aof 1:100 dilution 
of ID6 monoclonal anti-gpl20 antibody (Ugen, K. E, et al., 
(1992) Generation of Monoclonal Antibodies Against the ^ 
Ammo Region of gpl 20 Which Elicits Antibody Dependent 
Cellular Cytotoxicity, Cold Spring Harbor Laboratory) as a 
positive control. The arrow indicates the specifically immu- 
noprecipitated ,25 I-gpl60 envelope glycoprotein. 

lM l-labelled gpl 60 was specifically iinmunoprecipitated 55 
with antisera derived from the pM160-irnmunized animals 
(FIG. 2, lane 2) as well as the positive control anti-gpl20 
monoclonal antibody, ID6 (FIG. 2, lane 3). In contrast, the 
preimmune sera (FIG. 2, lane 1) only showed minimal 
activity in the same assay. 60 

Eight of ten mice immunized with the pM160 construct 
were positive for reactivity against gpl60 as deternrined by 
ELISA and the immune responses from the animal with the 
highest ami- gpl 60 titer was analyzed in detail. Four mice 
irranunized with the control vector all showed a similar 63 
negative reactivity to gpl 60 in ELISA and one of these sera 
was used as the control for subsequent experiments. 



It has been shown that HIV neutralizing antibodies are 
specifically targeted to several epitopes in gpl 20 and gp4l, 
which include the V3 loop in gpl20 (Goudsmit, J. et al., 
(1988) AIDS 2:157-164; and Putney, S. D., et al., (1989) 
Development Of An HIV Subunit Vaccine, Montreal), the 
CD4 binding site near the carboxy terminus of gpl 20 
(Lasky, L. A., et al., (1987) Cell 50:975-985) as well as the 
immunodominant loop of gp41 just downstream of the 
N-terminal fusion region (Schrier, R. D„ et al., (1988) /. 
Virol 62:2531-2536). 

To determine whether the anti-gpl60 antibodies elicited 
in these mice are reactive to these important regions of the 
envelope glycoproteins, peptides for the BRU/V3 loop, 
peptides for the MN/V3 loop, peptides for the HXB2/gp41 
N-tcrminus or peptides for HXB2/CD4 binding site were 
absorbed to microliter plates and specific reactivities of the 
mouse an ti sera determined in ELISA assays. One ug/ml of 
gpl 60 or 10 ug/ml of each peptide was coated to microliter 
plates in 0.1M bicarbonate buffer (pH 9.5) overnight at 4° 
C, blocked with 2% bovine serum albumin in PBS, and 
reacted with goat anti-mouse IgG conjugated with HRPO 
(Fisher) for one hour at 37° C. and developed with TMB 
substrate (Sigma) for 10-30 minutes at room temperature in 
the dark. Results are reported in FIG. 3. Antisera were as 
follows: (-+-) is preimmune sera, (-X-) is the pMAMneoBlue 
vector immunized sera, (-O-) is the pM160 immunized sera, 
(-A-) is from mice immunized with the rgpl 60 protein. FIG. 
3A shows results using a rgpl 60 protein coated plate. FIG. 
3B shows results using a BRU/V3 loop peptides (CNTRKR- 
IRIQRGPGRAFVTIGK (SEQ ID NO: 13)) coated plate. 
FIG. 3C shows results using a plate coated with MN/V loop 
peptides (YNlQUGUHIQRGPGRAFYTTKNnC (SEQ ID 
NO: 14)) with the QR sequence from HTV-1 /ID^, m bold- 
faced type. FIG. 3D shows the results using a HXB2/CD4 
binding site peptides (CRIKQFINMWQEVGKAMYAP- 
PISGIRC (SEQ ID NO: 1 5)) coated plate. FIG. 3E shows the 
results using a BRU/gp41 immunodominant region peptides 
(RnJWraYDOXMLLGIWGCSGKUC (SEQ ID NO 16)) 
coated plate. 

For the recombinant gpl 60 immunization. BALB/C mice 
were initially inmnmized with 1 ug of glycosylated recom- 
binant (fflV-l/nia) gpl 60 (MicroGeneSys Inc.) in complete 
Freund's adjuvant followed by three boosters of 1 ug of 
gpl 60 each in incomplete Freund's adjuvant at two week 
intervals. 

FIG. 3 shows that antiserum from the pM160 construct 
immunized mouse has sigmficantly higher reactivity to the 
BRU and MN/V3 loop peptides, the CD4 binding site 
peptide and the immunodominant gp41 peptide than the 
recombinant gpl 60 protein (rgpl 60) immunized serum. 
Interestingly, the antiserum from the rgpl 60 immunized 
mouse had much higher titer against the rgpl 60 than the 
pM 1 60 immunized antiserum, but lower activity against the 
three specific neutralization epitopes of gpl 60 tested (FIG. 
3a-J). 

To determine whether the antisera generated by DNA 
immunization possessed antiviral activity, the ability of the 
antisera to neutralize HTV-1 infection was exarnined. Cell-, 
free fflV-I/m B virus at 100 TCID^ was incubated with 
serial dilutions of the antisera before being used to infect 
MT-2 target cells (Montefiori, D.C., (1988) / Can. Micro- 
bio, 26:231-235). 

One hundred TCID 5t) HIV-l/m fl cell-free virus was pre- 
incubated with serial dilutions of antisera for one hour at 37° 
C. Following incubation the pretreated virus was then plated 
on the 4x10* of target cell line, MT-2 for one hour at 37° C, 
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following infection the MT-2 cells were washed three times 
and then incubated at 37° C. at 5% C0 2 . Fusion was 
evaluated three days later quantitatively by visually counting 
the number of syncytia per well in triplicate experiments 
under a phase contrast microscope. 

The results are reported in FIG. 4. FIG. 4A shows the 
results using vector-immunized mouse sera compared with 
FIG. 4B which shows the results using pM160 immunized 
sera. Neutralization values (VJVJ versus the dilution fac- 
tors (Nara, P., (1989) Techniques hi HIV Research eds. 
Aldovini, A. & WaDcter, B. D., 77-S6M Stockton Press) are 
illustrated in FIG. 4C. The control serum ( x) was from 
pMAMneoBlue vector immunized mice. The test sera (O) 
were from pM160 immunized mice. 

Syncytia inhibition was performed as described by 
Osther, K., et al„ (1991) Hybridoma 10:673-683. The 
H9/TII B cell line was pre-incubated with serial dilutions 
(1:100, 1:200, and 1:400) of antisera were made in 96 well 
plates in a total volume of 50 ul for thirty minutes at 37° C 
at 5% COj* Fusion was evaluated three days later quantita- 
tively by visually counting the number of syncytia per well 
under a phase construct microscope. FIG. 4D is the target 
cells co-cultivated with HIV-l/m fl cell line treated with 
preimmune serum. FIG. 4E is the same as FIG. 4D but 
treated with vector control immunized serum. FIG. 4F is the 
same as FIG. 4D but treated with rgpl 60 immunized serum. 
FIG. 4G is the same as FIG. 4D but treated with pM160 
immunized serum. FIGS. 4D to 4G show that inhibition of 
syncytia was apparent at dilution at 1:200 in these assays. 
MT-2 cells were infected with cell-free fflV-I/m s which 
bad been preincubated with vector-immunized antiserum 
readily formed syncytia (FIG. 4A). In comparison, preincu- 
bation with pM160 immunized mouse serum prevented 
syncytium formation (FIG. 4B). The neutralization kinetics 
were determined by yjV a versus serial dilutions of antisera 
(Nara, P., (1989) Techniques In HIV Research, eds. 
Aldovini, A. & Walker, B. D., 77-56, M Stockton Press) 
(FIG. 4Q. The serum from the pM160 immunized mouse 
had biologically active neutralizing activity at dilutions of 
up to 1:320 while control antisera did not show similar 40 
activity. 

To determine if the antiserum from trie pMl 60 irnmunized 
mouse could inhibit envelope-mediated virus spread through 
direct cell-to-cell fusion, syncytium inhibition assays were 
performed. Antiserum from the pM160 irnmunized mouse 
inhibits HTV-1 induced syncytium formation at 1:200 dilu- 
tions (FIG. 4G). In contrast, the preimmune sera (FIG. 4DX 
antisera from the rgpl 60 immunized mice (FIG. 4F) and 
antisera from the control vector-intmunized animals (FIG. 
4E) failed to inhibit syncytium formation at the same 
dilutions. 

Observations from the neutralization (FIGS. 4A-Q and 
syncytium mhibition assays (FIGS D-G) of these sera 
correlates with the observed ELISA reactivities (FIG. 3). 
The antiserum from the pM160 immumzed mouse which 
showed a high level of binding to neutralizing epitopes 
likewise demonstrated high level anti-viral activities; con- 
versely, sera with little binding to these epitopes tnrfndtpg 
the antiserum from rgpl 60 immunized mice have low anti- 
viral activity. 

Low level neutralizing activity has been observed by 
other groups when using rgpl 60 immunization (Lasky, L. A. 
et aL, (1986) Science 233:209-212; and Berman P. W., et al., 
(1990) Nature 345:622-625. Hie reasons for the more 
effective generation of anti-viral activities by the genetic 
immunization than by recombinant protein mrrnunization 
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arc not clear. However, the differences in the generated 
immune responses may be due to the introduction of the 
gpl 60 gene directly into the mouse muscle cells and expres- 
sion of this gene in vivo which may correctly process the 
products and lead to more effective processing of the target 
antigen. 

HTV enters cells binding to the CD4 molecule found 
predominantly on human helper T-cells, macrophages, and 
possibly glial cells (Maddon, P J., et al., (1986) Cell 
47:333-348; Koenig, S., et aL, (1986) Science 
233:1089-1093; and Cheng-Mayer, C, et al., (1987) Proc. 
Natl Acad. ScL USA 84:3526-3530). Interruption of this 
binding has been shown to prevent HTV infection in vivo 
(Fisher, R. A., et al., (1988) Nature 331:76-78; and Sun, H. 
C, et al., 1989 / Virol 63:3579-85). 

lb lest whether the antisera from pM 1 60 immunized mice 
can inhibit gpl 20 binding to CD4-bearing T-cells, a direct 
inhibition assay monitored by fluorocytometry was 
employed (Chen, Y. H., et al., (1992) AIDS 6:533-539. It 
was observed that serum from the pMl 60 coratruct-immu- 
nized mouse was able to block the binding of gpl 20 to 
CD4-bearing T-cells: a 1:15 dilution of immune serum 
inhibited FITC-gpl20 binding to CD4 + SupTl cells by 
22%±2% in replicate experiments as evaluated by flow 
cytometry. This indicates that this region for HIV entry into 
target cells can also be functionally inhibited by this anti- 
serum. These data are consistent with observed ELISA 
reactivity of the antiserum to the CD4 binding site peptides 
(FIG. 3c). 

Immunoglobulin isotyping studies were performed by 
using a commercial murine monoclonal antibody isotyping 
kit (Sigma). Of the anti-gpl 60 specific antibodies elicited by 
pM160 immunization, 19% are IgGl, 51% are IgG2, 16% 
are IgG3, 10% are IgM and 5% are IgA. The predominance 
of IgG isotypes indicates that a secondary immune response 
has taken place, and further suggests that helper T-cells can 
be elicited by genetic immunization. 

To determine whether immunization with the DNA con- 
struct can lead to the generation of anti-DNA antibodies in 
these experimental animals, pM160 and pMAMneoBlue 
DNAs were coated onto microliter plates and specific bind- 
ing was determined by ELISA using sera all immunized 
animals. No significant binding to plasmid DNA was 
observed. Thus, using genetic material for inoculation into 
muscle tissue appears unlikely to produce an anti-plasmid 
DNA response. 

Introducing construct DNA into mouse muscle by needle 
injection may cause inconsistent results, as this technique 
does not provide a means to control DNA uptake by muscle 
cells. Injection of construct DNA alone (n=4) with bupiv- 
acaine pretreated animals (n*=4) was compared. The immune 
responses observed in the two groups were dissimilar, with 
25% and 75% animals responding in ELISA assays respec- 
tively. Increased efficiency may be achieved by use of a 
direct DNA delivery system such as particle bombardment 
(Klein, T. M. et al., (1992) Bio/technology 10:286-291. 

Evidence of neutralization, syncytia inhibition, inhibition 
of CD4-gpl20 binding, and specific binding to several 
important regions on the gpl 60 demonstrate that introduc- 
tion of a DNA construct encoding HIV gpl 60 membrane- 
bound glycoprotein directly into muscle cells of living 
animals can elicit specific humoral responses, and generate 
biologically relevant anti-viral antibodies. 

lb test whether the vaccine is capable of eliciting a 
protective irnrmme response, the animal model described 
above was used. Tumor ceDs were transfected with DNA 
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encoding pi 60, confirmed to express the protein and 
implanted imo the animal. Controls included untransfected 
tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pm!60. Controls included un vaccinated animals, 5 
animals vaccinated with vector DNA only and animals 
administered the gpl60 protein. 

Results demonstrate that the immune response of geneti- 
cally vaccinated mice was sufficient to completely eliminate ^ 
the transfected tumors while having no effect on untrans- 
lated tumors. gpl60 protein vaccination led to some reduc- 
tion in tumor size in transfected tumors as compared to 
untransfected tumors but had no effect on mortality. Unvac- 
cinated animals showed similar mortality for both trans- ^ 
fected and untransfected tumors. 

Example 4 

The following is a list of constructs which may be used in 
the methods of the present invention. The vector pBa- 20 
be.puro, which is used as a starting material to produce many 
or the below listed constructs, was originally constructed 
and reported by Morgenstern, J. P. and H. Land, 1 990 NucL 
Acids Res. 18(12):3587-3596, which is mcorporated herein 
by reference. The pBabe.puro plasmid is particularly useful 25 
for expression of exogenous genes in mammalian cells. 
DNA sequences to be expressed are inserted at cloning sites 
under the control of the Moloney murine leukemia virus 
(Mo MuLV) long terminal repeat (LTR) promoter. The 
plasmid contains the selectable marker for puromyrin rcsis- 30 
tance. 

Example 5 

Plasmid pBa. Va3 is a 7.8 kb plasmid that contains a 2.7 35 
kb EcoRI genomic fragment encoding the T cell receptor 
Va3 region containing the L, V and J segments cloned into 
the EcoRI site of pBabe.puro. The T cell receptor-derived 
target protein is useful in the immunization against and 
treatment of T cell mediated aiitoinunune disease and clo- 40 
notypic T cell lymphoma and leukemia 

Example 6 

Plasmid pBa.gagpol- vpr is a 9.88 kb plasmid that contains 
the gag/pol and vif genes from HTV7MN cloned into pBa- 45 
bepuro. The vpr gene is deleted. The plasmid which con- 
tains these HIV viral genes, which encode HTV target 
proteins, is useful in the immunization against and treatment 
of HIV infection and AIDS. The HIV DNA sequence is 
published in Reiz, M. S., 1992 AIDS Res. Human Retro. 50 
8:1549, which is incorporated herein by reference. The 
sequence is accessible from Genbank No.: M 17449, winch 
is incorporated herein by reference. 

„ , „ 55 
Example 7 

Plasmid pM160 is an 11.0 kb plasmid that contains the 2.3 
kb PCR fragment encoding the HTV-I/3B envelope protein 
and revAat genes cloned into pMAMneoBlue, The nef 
region is deleted. The plasmid which contains these HIV 60 
viral genes, which encode HIV target proteins, is useful in 
the irrmumization against and treatment of HTV infection 
and AIDS. The DNA sequence of HIV-1/3B is published in 
Fisher, A., 1985 Nature 316:262, which is incorporated 
herein by reference. The sequence is accessible from Gen- 65 
bank No.: K03455, which is incorporated herein by refer- 
ence. 
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Example 8 

Plasmid pBa.VL is a 5.4 kb plasmid thai contains PCR 
fragment encoding the VL region of an anti-DNA antibody 
cloned into pBabe.puro at the Xbal and EcoRI sites. The 
antibody-derived target protein is an example of a target 
protein useful in the immunization against and treatment of 
B cell mediated autoimmune disease and clonotypic B cell 
lymphoma and leukemia. A general method for cloning 
functional variable regions from antibodies can be found in 
Cbaudhary, V. K., et al., 1990 Prvc. Natl Acad. Set USA 
87:1066, which is incorporated herein by reference. 

Example 9 

Plasmid pOspA.B is a 6.84 kb plasmid which contains the 
coding regions encoding the OspA and OspB antigens of the 
Borrelia burgdorferi, the spirochete responsible for Lyme's 
disease cloned into pBabe.puro at the BamHI and Sail sites. 
The PCR primers used to generate the OspA an d Os pB 
fragments are S-GAAGGATCCATGAAAAAATATTTAT- 
TGGG-T (SEQ ID NO:3) and 5'-ACTGTCGACTTATiT- 
TAAAGCGTmTAAG-T (SEQ ID NO: 4). See: Williams, 
W. V, et al. 1992 DNA and CeVL Biol Il(3):207, which is 
incorporated herein by reference. The plasmid which con- 
tains these pathogen genes, which encode target proteins, is 
useful in the immunization against Lyme's disease. 

Example 10 

Plasmid pBa. Rb-G is a 7.10 kb plasmid which contains 
a PCR generated fragment encoding the rabies G protein 
cloned into pBabe.puro at the BamHI site. The plasmid 
which contains this pathogen gene, which encodes the rabies 
G protein, is useful in the immunization against Rabies. The 
DNA sequence is disclosed in Gencbank No.:M32751, 
which is incorporated herein by reference. See also: Anil- 
ionis, A., et aL, 1981 Nature 294:275, which is incorporated 
herein by reference. 

Example 11 

Plasmid pBa. HPV-L1 is a 6.80 kb plasmid which con- 
tains a PCR generated fragment encoding the LI capsid 
protein of the human papillomavirus (HPV) including HPV 
strains 16, 18, 31 and 33 cloned into pBabe.puro at the 
BamHI and EcoRI sites. The plasmid is useful in the 
trrmumizaiion against HPV infection and the cancer caused 
thereby. The DNA sequence is disclosed in Genebank 
No.:Ml 5781 , which is incorporated herein by reference. See 
also: Howley, P., 1990 Fields Virology, Volume 2, Eds.: 
Channock, R. M. et al. Chapter 58:1625; and Shah, K. and 
P. Howley, 1990 Fields Virology, Volume 2, Eds.: Channock. 
R. M. et al. Chapter 59; both of which are incorporated 
herein by reference. 

Example 12 

Plasmid pBaHPV-L2 is a 6.80 kb plasmid which contains 
a PCR generated fragment encoding the L2 capsid protein of 
the human papillomavirus (HPV) including HPV strains 16, 
18, 31 and 33 cloned into pBabe.puro at the BamHI and 
EcoRI sites. The plasmid is useful in the immunization 
against HPV infection and the cancer caused thereby. The 
DNA sequence is disclosed in Genebank No.:M15781, 
which is incorporated herein by reference. See also: Howley, 
P., 1990 Fields Virology, Volume % Eds.: Channock, R. M. 
et al. Chapter 58:1625; and Shah, K. and P. Howley, 1990 
Fields Virology, Volume 2, Eds.: Channock, R. M. et al. 
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Chapter 59; both of which are incorporated herein by 
reference. 

Example 13 

Plasmid pBa.MNp7 is a 5.24 kb plasmid which contains 
a PCR generated fragment encoding the p7 coding region 
including the HTV MN ag (core protein) sequence cloned 
into pBabe.puro at the Bam HI site. The plasmid which 
contains these HTV viral genes, which encode HTV target 
proteins, is useful in the immunization against and treatment 
of HIV infection and AIDS. Reiz, M. S., 1992 AIDS Res. 
Human Retro. 8:1549, which is incorporated herein by 
reference. The sequence is accessible from Genbank 
No. Ml 7449, which is incorporated herein by reference. ^ 

Example 14 

Plasmid pGA733-2 is a 6.3 kb plasmid that contains the 
GA733-2 tumor surface antigen cloned from the colorectal 
carcinoma cell line SW948 into pCDM8 vector (Seed, B. 20 
and A. Aruffo, 1987 Proc. Natl. Acad. ScL USA 84:3365, 
which is incorporated herein by reference) at BstXI site. The 
tumor-associated target protein is an example of a target 
protein useful in the immunization against and treatment of 
hyperproliferative disease such as cancer. The GA733-2 25 
antigen is a useful, target antigen against colon cancer. The 
GA733 antigen is reported in Szala, S. et al., 1990 Proc. 
Natl Acad. ScL USA 87:3542-3546, which is incorporated 
herein by reference. 

30 

Example 15 

Plasmid pT4-pMV7 is a 11.15 kb plasmid that contains 
cDNA which encodes human CD4 receptor cloned into 
pMV7 vector at the EcoRI site. The CD4 target protein is 
useful in the immunization against and treatment of T cell 
lymphoma. Plasmid pT4-pMV7 is available from the AIDS 
Repository, Catalog No. 158. 
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Example 16 

40 

Plasmid pDJGA733 is a 5.1 kb plasmid that contains the 
GA733 tumor surface antigen cloned into pBabe.puro at the 
BamHI site. The tumor-associated target protein is an 
example of a target protein useful in the immunization 
against and treatment of hyperproliferative disease such as 45 
cancer. The GA733 antigen is a useful target antigen against 
colon cancer. 
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Plasmid pBa.RAS is a 6.8 kb plasmid that contains the ras 
coding region that was first subcloned from pZTPneoRAS 
and cloned into pBabe.puro al the BamHI site. The ras target 
protein is an example of a cytoplasmic signalling molecule. 
The method of cloning ras is reported in Weinberg 1984 
Mol CelL Biol 4:1577, which is incorporated herein by 55 
reference. Ras encoding plasmid ate useful for the immu- 
nization against and treatment of hyperproliferaiive disease 
such as cancer, in particular, ras related cancer such as 
bladder, muscle, lung, brain and bone cancer. 
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Example 18 



Plasmid pBa.MNp55 is a 6.38 kb plasmid which contains 
a PCR generated fragment encoding the p55 coding region 
including the HIV MN gag precursor (core protein) 65 
sequence cloned into pBabe.puro at the BamHI site. The 
plasmid which contains these HTV viral genes, which encode 



HTV target proteins, is useful in the immunization against 
and treatment of HIV infection and AIDS. Reiz, M. S., 1992 
AIDS Res. Human Retro. 8:1549, which is incorporated 
herein by reference. The sequence is accessible from Gen- 
bank No.:M 17449, which is incorporated herein by refer- 
ence. 

Example 19 

Plasmid pBa.MNp24 is a 5.78 kb plasmid which contains 
a PCR generated fragment from the pMN-SFl template 
encoding the p24 coding region including the whole HTV 
MN gag coding region cloned into pBabe.puro at the BamHI 
and EcoRI sites. The plasmid which contains these HIV viral 
genes, which encode HIV target proteins, is useful in the 
immunization against and treatment of HIV infection and 
AIDS. Reiz, M. S., 1992 AIDS Res. Human Retro. 8:1549, 
which is incorporated herein by reference. The sequence is 
accessible from Genbank No.: Ml 7449, which is incorpo- 
rated herein by reference. 

Example 20 

Plasmid pBaMNpI7 is a 5.5 kb plasmid which contains 
a PCR generated fragment encoding the pi 7 coding region 
including the HTV MN gag (core protein) sequence cloned 
into pBabe.puro at the BamHI and EcoRI sites. The plasmid 
which contains these HIV viral genes, which encode HIV 
target proteins, is useful in the immunization against and 
treatment of HIV infection and AIDS. Reiz, M. S., 1992 
AIDS Res. Human Retro. 8:1549, which is incorporated 
herein by reference. The sequence is accessible from Gen- 
bank No.: Ml 7449, which is incorporated herein by refer- 
ence. 

Example 21 

Plasmid pBaSIVenv is a 7.8 kb plasmid which contains a 
2.71 PCR generated fragment amplified from a construct 
containing STV 239 in pBR322 cloned into pBabe.puro at 
the BamHI and EcoRI sites. The primers used are 5-GC- 
C AG 1" 1"! ' 1 GG ATCCTTAAA AAAGGCTTGG-3* (SEQ ID 
NO:5) and 5 , -TTGTGAGGGACAGAATTCCAAT- 
CAGGG-3' (SEQ ID NO:6). The plasmid is available from 
the AIDS Research and Reference Reagent Program; Cata- 
log No. 210. 

Example 22 

Plasmid pcTSP/ATKenv is a 8.92 kb plasmid which 
contains a PCR generated fragment encoding the complete 
HTLV envelope coding region from HTLV- 1 /TSP and /ATK 
isolates subcloned into the pcDNAlmeo vector. The primers 
used are 5-CAGTGATATCXXX3GGAGACTCCTC-3 , (SEQ 
ID NO:7) and S'-GAATAGAAGAACTCCTCTAGAATTC- 
y (SEQ ID N(*8). Plasmid pcTSP/AHCenv is reported in 
1988 Proc. Natl Acad. Set. USA 85:3599, which is incor- 
porated herein by reference. The HTLV env target protein is 
useful in the immunization against and treatment of infec- 
tion by HTLV and T cell lymphoma. 

Example 23 

Plasmid pBa.MNgpl60 is a 7.9 kb plasmid which con- 
tains a 2.8 kb PCR generated fragment amplified from a 
construct containing MNenv in pSP72 and cloned into 
pBabe.puro at the BamHI and EcoRI sites. The primers used 
are 5 , -GCCTTAGGCGGATCCTATGGCAGGAAG-3' 
(SEQ ID N09) and 5-TAAGATGGGTGGCCATGGT- 
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GAATT-3' (SEQ ID NO:10). Reiz, M. S., 1992 AIDS Res. 
Human Retro. 8:1549, which is incorporated herein by 
reference. The sequence is accessible from Genbank 
No.:M 17449, which is incorporated herein by reference. The 
plasmid which contains these HIV viral genes, which encode 
HIV target proteins, is useful in the immunization against 
and treatment of HTV infection and AIDS. 

Example 24 

Plasmid pC.MNp55 is a 1 1 .8 kb plasmid which contains 
a 1.4 kb PGR generated fragment amplified from the gag 
region of MN isolate and cloned into the pCEP4 vector. The 
plasmid which contains these HIV viral genes, which encode 
HTV target proteins, is useful in the immunization against 
and treatment of HIV infection and AIDS. Reiz, M. S., 1992 
AIDS Res. Human Retro. 8:1549, which is incorporated 
herein by reference. The sequence is accessible from Gen- 
bank No.: M17449, which is incorporated herein by refer- 
ence. 
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Example 25 

Plasmid pCNeu is a 14.2 kb plasmid that contains a 3.8 
kb DNA fragment containing the human neu oncogene 
coding region that was cut out from the LTR-2/erbB-2 
construct and subcloned into the pCEP4 vector. The pCNeu 
plasmid is reported in Dflnore 1987 Science 237:178, which 
is incorporated herein by reference. The neu oncogene target 
protein is an example of a growth factor receptor useful as 
a target protein for the immunization against and treatment 
of hyperproliferative disease such as cancer; in particular, 
colon, breast, lung and brain cancer. 

Example 26 

Plasmid pGRAS is a 11.7 kb plasmid that contains a 1.4 
kb DNA fragment containing the ras oncogene coding 
region that was first subcloned from pZIPneoRAS and 
subcloned into pCEP4 at the BamHI site. The pCRAS 
plasmid is reported in Weinberg 1984 Mot CeJL Biol 
4:1577, which is incorporated herein by reference. The ras 
target protein is an example of a cytoplasmic signalling 
molecule. Ras encoding plasmid are useful for the immu- 
nization against and treatment of hyperproliferative disease 
such as cancer; in particular, ras related cancer such as 
bladder, muscle, lung, brain and bone cance r . 

- Example 27 

Plasmid pNLpuro is a 15 kb plasmid which contains HIV 
gag/pol and SV4f>puro insertion. The plasmid which con- 
tains these HTV viral genes, which encode HTV target 
proteins, is useful in the immunization against and treatment 
of HIV infection and AIDS. 

Example 28 

A DNA construct was designed to test the effectiveness of 
a genetic vaccine against human CD4 in mice. These experi- 
ments were designed to test the ability of a vaccine to protect 
against a T lymphoma antigen. In T cell lymphoma, CD4 is 
a tumor specific antigen. Accordingly, this model demon- 
strates the ability of the genetic vaccine to protect against T 
lymphoma. Further, these experiments tested the effective- 
ness against a member of the irnrmmoglobulin superfamily 
of molecules. CD4 is highly conserved between human and 
murine species. 
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The animal model used was described above. TumoT cells 
were transfected with DNA encoding CD4, confirmed to 
express the protein and implanted into the animal. Controls 
included untransfected tumor lines. Although the animals 
were immunocompetent, an immune response was not 
directed against the implanted, CD4-labelled tumors in 
unvaccinated animals. 

Genetically immunized animals were vaccinated with 
plasmid pT4-pMVT, a 1 1 . 1 5 kb plasmid thai contains cDN A 
which encodes human CD4 receptor cloned into pMV7 
vector at the EcoRI site. Plasmid pT4-pMV7 is available 
from the AIDS Repository, Catalog No. 158. Controls 
included unvaccinated animals and animals administered the 
CD4 protein. 

In the genetic immunization procedure described herein, 
the quadriceps muscles of BALB/c mice were injected with 
1 00 ul of 0.5% bupivacame-HCI and 0. 1 % methylparaben in 
isotonic NaCl using a 27-gauge needle to stimulate muscle 
cell regeneration to facilitate uptake of the genetic construct. 
Twenty -four hours later, the same injection sites were then 
injected with either 100 ug of pT4-pMV7 or with 100 ug of 
pMV7 as a control plasmid. The mice were boosted by 
injecting the same amount of DNA construct three times at 
two week intervals in the same manner but without pre- 
treatment with bupivacaine-HCl. 

Animals received 1,000,000 CD4-labelled tumor cells. In 
non-vaccinated animals, large tumors formed and death 
resulted after about 7-10 weeks. Vaccinated animals did not 
develop similar deadly tumors. 

Results demonstrate that the immune response of geneti- 
cally vaccinated mice was sufficient to completely eliminate 
the transfected tumors while having no effect on untrans- 
fected tumors. CD4 protein vaccination led to some reduc- 
tion in tumor size in transfected tumors as compared to 
untransfected tumors but had no effect on mortality. Unvac- 
cinated animals showed similar mortality for both trans- 
fected and untransfected tumors. 

Example 29 

A DNA construct was designed to lest the effectiveness of 
a genetic vaccine against human GA733 in mice. These 
experiments were designed to test the ability of a vaccine to 
protect against GA733 associated cancer such as colon 
cancer. The animal model used was described above. Tumor 
cells were transfected with DNA encoding GA733, con- 
firmed to express the protein and implanted into the animal. 
Controls included untransfected tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pGA733-2, a 6.3 kb plasmid thai contains the 
GA733-2 tumor surface antigen cloned from the colorectal 
carcinoma cell line SW948 into pCDM8 vector at BstXI site 
following the method described above. Controls included 
unvaccinated animals and animals administered the GA733 
protein. 

Results demonstrate that the immune response of geneti- 
cally vaccinated mice was sufficient to completely eliminate 
the transfected tumors while having no effect on untrans- 
lated tumors. GA733 protein vaccination led to some reduc- 
tion in tumor size in transfected tumors as compared to 
untransfected tumors but had no effect on mortality. Unvac- 
cinated animals showed similar mortality for both trans- 
fected and untransfected tumors. 

Example 30 

A DNA construct was designed to test the effectiveness of 
a genetic vaccine against human pl85neu in mice. These 
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experiments were designed to test the ability of a vaccine to 
protect against pl85neu associated cancer such as breast, 
lung and brain cancer. The animal model used was described 
above. Tumor cells were transfected with DNA encoding 
neu, confirmed to express the protein and implanted into the 5 
animal. Controls included untransfected tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pLTR-2/erbB-2, a 14 J kb plasmid that contains the 
human neu oncogene coding region cloned into the LTR-2 
vector at the Xhol site following the method described 10 
above, The 51TR and 3*LTR are from Moloney-MuLV LTR. 
Controls included un vaccinated animals and animals admin- 
istered the pl85neu protein. 

Resuhs demonstrate that the immune response of geneti- 
cally vaccinated mice was sufficient to completely eliminate 15 
the transfected tumors while having no effect on untrans- 
lated tumors, pi 85 protein vaccination led to some reduction 
in tumor size m transfected tumors as compared to untrans- 
fected tumors but had no effect on mortality. Unvaccinated 
animals showed similar mortality for both transfected and 20 
untransfected tumors. 

Example 31 

A DNA construct was designed to test the effectiveness of 25 
a genetic vaccine against human Ras in mice, These experi- 
ments were designed to test the ability of a vaccine to protect 
against Ras associated cancer such as bladder, muscle, lung, 
brain and bone cancer. The animal model used was 
described above. Tumor cells were transfected with DNA 30 
encoding Ras, confirmed to express the protein and 
implanted into the animal. Controls included untransfected 
tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pBa.RAS is a 6.8 kb plasmid that contains the ras 35 
coding region that was first subcloned from pZIPneoRAS 
and cloned into pBabe.puro at the BamHI site following the 
vaccination method described above. The ras target protein 
is an example of a cytoplasmic signalling molecule. The 
method of cloning ras is reported in Weinberg 1984 Mol 40 
Cell Biol 4:1577, which is incorporated herein by refer- 
ence. Controls included unvaccinated animals and animals 
administered the Ras protein. 

Example 32 45 

A DNA construct was designed to test the effectiveness of 
a genetic vaccine against human rabies G protein antigen in 
mice. The animal model used was described above. Tumor 
cells were transfected with DNA encoding rabies G protein, so 
confirmed to express the protein and implanted into the 
animal. Controls included untransfected tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pBa. Rb-G is a 7.10 kb plasmid which contains a 
PGR generated fragment encoding the rabies G protein 55 
cloned into pBabe.puro at the BamHI site, following the 
vaccination method described above. The rabies G target 
protein is an example of a pathogen antigen. The DNA 
sequence is disclosed in Genebank No.:M32751. Controls 
included unvaccinated animals and animals administered the 60 
G protein. 

Example 33 

A DNA construct was designed to test the effectiveness of 65 
a genetic vaccine against Lyme's disease antigen in mice. 
The animal model used was described above. Tumor cells 
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were transfected with DNA encoding OspA and Osp B, 
confirmed to express the protein and implanted into the 
animal. Controls included untransfected tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pOspA.B is a 6.84 kb plasmid which contains the 
coding regions encoding the OspA and Osp. B antigens of 
the Borrelia burgdorferi, the spirochete responsible for 
Lyme's disease cloned into pBabe.puro at the BamHI and 
Sail sites, following the vaccination method described 
above. The OspA and OspB target proteins are examples of 
pathogen antigens. The PCR primers used to generate the 
OspA and OspB fragments are 5M1AAGGATCCAT- 
GAAAAAATATTTATTGGG-3' (SEQ ID NO:3) and 
5'-ACTGTCGACITATTTTAAAGCGTITrTAAG-3' 
(SEQ ID NO: 4). See: Williams, W. V, et al. 1992 DNA and 
Cell. BioT Tl(3):207, which is incorporated herein by ref- 
erence. Controls included unvaccinated animals and animals 
administered OspA and OspB proteins. 

Example 34 

A DNA construct was designed to test the effectiveness of 
a genetic vaccine against a human T cell receptor variable 
region in mice. These experiments were designed to test the 
ability of a vaccine to protect against a T cell receptor 
derived protein associated cancer such as T cell lymphoma 
and T cell mediated autoimmune disease. The animal model 
used was described above. Tumor cells were transfected 
with DNA encoding Ras, confirmed to express the protein 
and implanted into the animal. Controls included untrans- 
fected tumor lines. 

Genetically immunized animals were vaccinated with 
plasmid pBa.Vct3 is a 7.8 kb plasmid that contains a 2.7 kb 
EcoRI genomic fragment encoding the T cell receptor Va3 
region containing the L, V and J segments cloned into the 
EcoRI site of pBabcpuro following the vaccination method 
described above. 

Example 35 

The plasmid pM 160 can be used as a starting material for 
several plasmids useful to express one or more genes from 
the env portion of HIV. As described above, the DNA 
segment encoding the envelope gene of HIV-1 HXB2 was 
cloned by the polymerase chain reaction (PCR) amplifica- 
tion technique utilizing the lambda cloned DNA obtained 
from the AIDS Research and Reference Reagent Program. 
The sequences of the S and 3' primers are 5- AGGCGTCTC- 
GAGACAGAGGAGAGCAAGAAATG-3' (SEQ ID NO:l) 
with incorporation of Xhol site and y-TTTCCCTCTA- 
GATAAGCCATCCAATCACAC-3 f (SEQ ID NO: 2) with 
incorporation of Xbal site, respectively, which encompass 
gpl60, tat and rev coding region. The nef gene is absent 
Gene specific amplification was performed using Taq DNA 
polymerase according to the manufacturer's instructions 
(Perkin-EImer Cetus Corp.). The PCR reaction products 
were treated with 0.5 ug/ml proteinase K at 37° C. for thirty 
minutes followed by a phenol/chloroform extraction and 
ethanol precipitation. Recovered DNA was then digested 
with Xhol and Xbal for two hours at 37° C. and subjected to 
agarose gel electrophoresis. The isolated and purified Xhol- 
Xbal PCR fragment was cloned into Bluescript plasmid 
(Stratagcne Inc., LaJolla, Calif.) and then subcloned into the 
eukaryotic expression vector pMAMneoBlue (Clontecb 
Laboratories, Inc., Palo Alto, Calif.). The resulting construct 
was designated as pM160. The plasmid DNA was purified 
with CsCl gradient ultracentrifugation. The restriction 
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enzyme map for pMAMncoBlue plasmid is available from 
the manufacturer and may be used by those having ordinary 
skill in the art to engineer, that is to change, delete and add 
various elements using standard molecular biology tech- 
niques and widely available starting material. 5 

The promoter controlling gpl6G/revAat gene expression is 
MMTV LTR. The promoter may be deleted and replaced 
with Actio promoter, myosin promoter, HIV LTR promoter 
and CMV promoter. 

The gene conferring ampicilKn resistance may be deleted 10 
or otherwise inactivated The gene conferring neomycin 
resistance may be placed under the control of a bacterial 
promoter. 

The Rous sarcoma virus enhancer may be deleted from l5 
the plasmid. The RSV enhancer may be replaced with the 
muscle creatine enhancer. 

The gpl6(VrevAat genes overlap and share the same 
nucleotide sequences in different reading frames. The rev 
gene may be deleted by changing its initiation codon to a 20 
different codon. Similarly, the tat gene may be eliminated by 
the same means. In each plasmid except those using the HIV 
LTR promoter to control gploXVrevAat, either rev, tat, or 
both rev and tat may be eliminated In plastrrids using the 
HIV LTR promoter, tat must be present. 25 

The following Table lists pM 160- modified plasmids. 
Each plasmid has an inactivated ampicillin gene. Each has 
deleted the RSV enhancer. Some have no enhancer (no); 
some have creatine muscle enhancer (CME). Some have the 
HTV rev gene (yes) while it is deleted in others (no). Some 30 
have the HIV tat gene (yes) while it is deleted in others (no). 



Construct 


Promoter 


colisiiccr 


rev 


tat 


RA-l 


Actin 


DO 


yes 


yes 


RA-2 


Actin 


DO 


yes 


DO 


RA-3 


Actin 


DO 


no 


yes 


RA-4 


Actin 


CME 


yes 


yw 


RA-5 


Actin 


CME 


yes 


no 


RA-6 


Actin 


CME 


no 


yes 


RA-7 


CMV 


DO 


yes 


yes 


RA-8 


CMV 


DO 


yes 


DO 


RA-9 


CMV 


no 


DO 


yes 


RA-10 


CMV 


CME 


yes 


y» 


RA-11 


CMV 


CME 


y« 


DO 


RA-l 2 


CMV 


CME 


no 


yra 


RA-13 


MMTV 


00 


yes 


yes 


RA-I4 


MMTV 


DO 


yes 


DO 


RA-I5 


MMTV 


DO 


no 


yes 


RA-I6 


MMTV 


CME 


yes 




RA-I7 


MMTV 


CME 


yw 


DO 


RA-I8 


MMTV 


CME 


DO 


yes 


RA-I9 


Myosin 


no 


y*» 


y» 


RA-20 


Myosin 


CO 


yes 


DO 


RA-2I 


Myosin 


no 


DO 


yes 


RA-22 


Myosin 


CME 


yes 


yes 


RA-23 


Myosin 


CME 


yes 


no 


RA-24 


Myosin 


CME 


DO 


yes 


RA-25 


HIV-1 LTR 


no 


yes 


yes 


RA-26 


HIV-1 LTR 


DO 


DO 


yes 


RA-27 


HIV-1 LTR 


CME 




yes 


RA-28 


mv-i LTR 


CME 


DO 


yes 
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Constructions RA-29 to RA-56 are identical to RA-l to 
RA-32 respectively except in each case the promoter con- go 
trolling the neomycin gene is a bacterial promoter. 

Example 36 

The plasmid pNLpuro may be used as a starting material 65 
to produce several different plasmids which express the HIV 
gag/pol genes. As described above, pNLpuro was con- 
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structed for expression of gag pol. The HIV-1 genomic clone 
pNL43 was obtained through the NTH AIDS Research and 
Reference Reagent Program (ARRRP), Division of AIDS, 
N1AID, NTH, from Dr. Malcom Martin. The pNL43 clone is 
a construct that consists of HTV-t pro viral DNA plus 3 kb of 
host (i.e. human) sequence from the site of integration (5* 
and 3' of the HTV sequence) cloned into pUC18. The StuI 
site within the non-HTV 5' flanking human DNA of pNL43 
was destroyed by partial digestion with StuI followed by 
digestion of the free ends with E. coli polymerase 1. The 
linear plasmid was filled and then self ligated, leaving a 
unique StuI site within the HTV genome. This plasmid, 
pNLDstu, was then digested with the blunting enzymes StuI 
and BsaBI which eliminated a large section of the coding 
sequence for gp 120. The SV40 promoter and puromycin 
resistance coding region (puromycin acetyl transferase 
(PAQ)werc isolated from pBABE-puro (Morgenstern and 
Land, 1990 Nucl Acids Res. 18(12):3587-3596, which is 
incorporated herein by reference, kindly provided by Dr. 
Hartmut Land of the Imperial Cancer Research Fund) using 
EcoRI and Qal. This fragment was blunted, then cloned into 
the Stul/BsaBI-digested pNLDstu. A clone was selected 
with the SV40-puro fragment in the correct orientation so 
that the 3* LTR of HIV could provide poly A functions for 
the PAC message. This plasmid was designated pNLpuro. 

The vpr regulatory gene is deleted from the HIV gag pol 
vector in order to eliminate a necessary regulatory protein 
from the set of genes to be introduced by vaccination. A 
region from just upstream of the unique PflMI site to just 
after the vif termination codon was amplified via PCR using 
primers that introduced a non-conservative amino acid 
change (gtu->val) at amino acid 22 of vpr, a slop codon in 
the vpr reading frame immediately after amino acid 22, and 
an EcoRI site immediately following the new stop codon. 
This PCR fragment was substituted for the PflMT-EcoR I 
fragment of pNLpuro or pNL43. This substitution resulted in 
the deletion of 122 nucleotides of the open reading frame of 
vpr, thus eliminating the possibility of reversion that a point 
mutation strategy entails. The resulting plasmids, 
pNLpuroAvpr, encode the first 21 natural amino acids of vpr 
plus a valine phis all other remaining HIV- 1 genes and splice 
junctions in their native form. Such deletion strategy would 
also be applicable to nef, vif, and vpu and allow for 
structural gene expression but protect from the generation of 
a live recombinant virus. 

In addition to vpr, other changes may be made by those 
having ordinary skill in the art to plasmid pNL43puro using 
standard molecular biology techniques and widely available 
starting material. 

The human flanking sequences 5* and 3' of the HTV 
sequences can be removed by several methods. For example, 
using PCR, only HIV, SV40-puro, and pUC18 sequences 
can be amplified and reconstructed 

The psi region of HTV, which is important in the pack- 
aging of the virus, can be deleted from pNL43puro-based 
plasmids. In order to delete the psi region, the pNLpuro 
plasmid is cut with SacI and Spel. This digestion removes 
the psi region as well as the 5' LTR which is upstream and 
portion of the gag/pol region which is downstream of psi In 
order to reinsert the deleted non-psi sequences, PCR ampli- 
fication is performed to regenerate those sequences. Primers 
are designed which regenerate the portions of the HTV 
sequence S and 3' to psi without regenerating psi. The 
primers reform the SacI site at the portion of the plasmid 5* 
of the y LTR. Primers go downstream from a site upstream 
of the SacI site to a she just 3* of the 5* end of the psi region, 
generating an AatI site at the 3' end. Primers starting just 5 
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of the psi region also generate an Aall site and, starting 3' of 
the Spel site, regenerate thai site. The PCR generated 
fragments are digested with SacI, Aall and Spcl and ligated 
together with the Sacl/Spel digested pHLpuro-psi - fragment 
The HTV 51TR promoter can be deleted and replaced with 
Moloney vims promoter, MMTV LTR, Aclin promoter, 
myosin promoter and CMV promoter. 

The HIV 3 'LTR polyadenylalion site can be deleted and 
replaced with SV40 polyadenylalion site. 

The gene conferring ampicfllin resistance may be deleted 
or otherwise inactivated. 

The following is a list of pNLpuro-based constructions in 
which HTV psi and vpr regions are deleted and human 
Banking regions 5* and 3' of the HIV sequences are deleted. 
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Construct 


Promoter 


pdy(A) 


Amp* 


LA-1 


Moloney 


HTV 3' LTR 


yes 


LA-2 


Moloney 


SV40 


yes 


LA-3 


Moloney 


HTV 3* LTR 


no 


LA-4 


Moloney 


SV40 


no 


LA-5 


CMV 


HIV 3' LTR 


yes 


LA-6 


CMV 


SV40 


yes 


LA-7 


CMV 


HTV 3* LTR 


no 


LA-8 


CMV 


SV40 


no 


LA-9 


MMTV 


HTV 3* LTR 


yes 


LA-tO 


MMTV 


SV40 


yes 


LA- 11 


MMTV 


HTV 7 LTR 


no 


LA-12 


MMTV 


SV40 


no 


LA-13 


HIV 5 LTR 


HIV 3' LTR 


yes 


LA-14 


HTV 5 LTR 


SV40 


yei 


LA- 15 


HIV 5" LTR 


HIV 3' LTR 


no 


LA-16 


HTV 5* LTR 


SV40 


no 



Constructions LA- 17 to LA-32 are identical to LA-1 to 
LA-16 respectively except in each case at least one of the 
human flanking sequence remains. 
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Example 37 

In another construction for expressing the env gene, that 
region of HIV may be inserted into the conirnercially 40 
available plasmid pCEP4 (Invitrogen). The pCEP4 plasmid 
is particularly useful since it contains the Epstein Ban* virus 
origin of replication and nuclear antigen EBNA-1 coding 
region which produces high copy episomal replication with- 
out integration. pCEP4 also contains the hygronrydn marker 45 
under the regulatory control of the thymidine kinase pro- 
moter and polyadenylalion site. The HTV env coding region 
is placed under the regulatory control of the CMV promoter 
and SV40 polyadenylalion site. The HIV env coding region 
was obtained as a 2.3 kb PCR fragment form HTV73B, 50 
Genebank sequence K03455. The resulting pCEP4~based 
plasmid, pRA-100, is maintained extracnromosomally and 
produces gpl60 protein. 

Example 38 53 

In another construction for expressing the env gene, thai 
region of HTV may be inserted into the commercially 
available plasmid pREP4 (Invitrogen). The pREP4 plasmid 
is particularly useful since it contains the Epstein Barr virus 60 
origin of replication and nuclear antigen EBNA-1 coding 
region which produces high copy episomal replication with- 
out integration. pREP4 also contains the hygromycin marker 
under the regulatory control of the thymidine kinase pro- 
moter and polyadenylation site. The HTV env coding region 65 
is placed under the regulatory control of the RSV promoter 
and SV40 polyadenylation site. The HIV env coding region 



was obtained as a 2.3 kb PeR fragment form HTV73B, 
Genebank sequence K03455. The resulting pCEP4-based 
plasmid, pRA-101, is maintained extrachroinosomally and 
produces gp!60 protein. 

Example 39 

In another construction for expressing the gag/pol genes, 
that region of HIV may be inserted into the cornmercially 
available plasmid pCEP4 (Invitrogen). The pCEP4 plasmid 
is particularly useful since it contains the Epstein Barr virus 
origin of replication and nuclear antigen EBNA-1 coding 
region which produces high copy episomal replication with- 
out integration. pCEP4 also contains the hygromycin marker 
under the regulatory control of the thymidine kinase pro- 
moter and polyadenylation site. The HTV gag/pol coding 
region is placed under the regulatory control of the CMV 
promoter and SV40 polyadenylation site. The HIV gag/pol 
coding region was obtained from HTV MN, Genebank 
sequence MT7449, and includes the vif gene. The vpr gene 
is not included. The resulting pGEP4-based plasmid, pLA- 

100, is maintained extrachrornosomalry and produces 
GAG55, reverse transcriptase, protease and integrasc pro- 
teins. 

Example 40 

In another construction for expressing the gag/pol genes, 
that region of HTV may be inserted into the corrnrtercially 
available plasmid pREP4 (Invitrogen). The pREP4 plasmid 
is particularly useful since it contains the Epstein Barr virus 
origin of replication and nuclear antigen EBNA-1 coding 
region which produces high copy episomal replication with- 
out integration, pREP4 also contains the hygromycin marker 
under the regulatory control of the thymidine kinase pro- 
moter and polyadenylation she. The HTV gag/pol coding 
region is placed under the regulatory control of the CMV 
promoter and SV40 polyadenylation site. The HIV gag/pol 
coding region was obtained from HIV MN, Genebank 
sequence MT7449, and includes the vif gene. The vpr gene 
is not included. The resulting pREP4-based plasmid, pLA- 

101, is maintained extrachromosomally and produces 
GAG55, reverse transcriptase, protease and integrase pro- 
teins. 

Example 41 

The following construction, referred to herein as pGAG- 
POLoev, is useful to express HTV gag/pol genes. 

The plasmid includes a Kanamycin resistance gene and a 
pBR322 origin of DNA replication. The sequences provided 
for transcription regulation include: a cytomegalovirus pro- 
moter, a Rous sarcoma virus enhancer, and an SV40 poly- 
adenylation signal The HTV-1 sequences included in 
pGAGPOL.rev include a sequence that encodes gag; a 
sequence that encodes pol; a sequence that encodes reverse 
transcriptase which contains a small deletion; a sequence 
that encodes the inactive amino terminus of Int; and a 
sequence that encodes rev. Each of the HTV sequences are 
derived from HTV-1 strain HXB2. 

Several safety features are included in pGAGPOUrev. 
These include use of the CMV promoter and a non-retroviral 
poly(A) site. Furthennore, deletion of the y sequence Hmits 
the ability to package viral RNA. In addition, multiple 
mutations of the reverse transcriptase yield an enzymancally 
inactive product Moreover, a large deletion of integrase 
yields an inactive product and a Kanamycin resistance 
marker is used for stabilizing bacterial transformanls. 
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Plasmid pGAGPOL.rcv is constructed as follows. 

Step 1. A subclone of part of the HTV-1 (HXB2) genome 
that is cloned into Bluescripl (Stratagene) is used. The 
subclone of HTV-1 contains the complete 51XR and the rest 
of the HTV-1 genome to nucleotide 5795 (Genebank minv 5 
bering). The HTV-1 sequences are obtained from the 
HXB2D plasmid (AIDS Repository). 

Step 2. PCR part of gag from the open reading frame 
HXB2D plasmid (AIDS Repository). Cut PCR fragment 
with Nod and Spel and ligate with HTV-1 subclone 
described above restricted with NctI and Spel. 

Step 3. PCR gag/pol junction and part of pol-encoding 
sequences from the HXB2D plasmid (AIDS Repository) 
with primers SEQ ID NO.: 17 and SEQ ID NO.: 18. Cut PCR 15 
product with Oal and ligate together: Cutligated fragments 
with Bell and Sail and ligate with plasmid from Step 2 
digested with Bell and Sail. 

Step 4. Cut plasmid from Step 3 with BspMI and EcoRI 
and religate with adapters formed by annealing linkers SEQ 20 
ID NO.: 19 and SEQ ID NO.:20. 

Step 5. Cut plasmid from Step 4 with NotI and Sail and 
ligate with plasmid from either 4a or 4b in description 
written for pENV (below). Cut also with NotI and Sail. 

Step 6. Restrict plasmid from Step 5 with Sail and Mlul 25 
and ligate with PCR product obtained by PCR of rev with 
primers SEQ ID NO.:21 and SEQ ID NO.:2Z 

Step 7. Cut plasmid from Step 6 with NotI and ligate with 
product obtained by PCR of the rev responsive element in 
the HXB2D plasmid (AIDS Repository) with primers SEQ 
ID NO.:23 and SEQ ID NO.:24. 

Steps 6 and 7 are optional. 



Example 42 

The following construction, referred to herein as pENV, is 
useful to express HIV env genes.- 

The plasmid includes a Kanamycin resistance gene and a 
pBR322 origin of DNA replication. The sequences provided 
for transcription regulation include: a cytomegalovirus pro- 
moter; a Rous sarcoma virus enhancer; and an SV40 poly- 
adenylation signal. The HTV-1 sequences included in pENV 
include a sequence that encodes vpu; a sequence that 
encodes rev; a sequence thai encodes gpl60; a sequence that 
encodes 50% of nef; a sequence that encodes vif; and, a 
sequence that encodes vpr with a 1 3 ammo acid carboxy-end 
deletion. The vpu, rev, gp 160 and nef sequences are derived 
from HTV-1 strain MN. The vif and vpr sequences are 
derived from HTV-1 strain HXB2. 

Several safety features are included in pGAGPOL.rev. 
These include use of the CM V promoter and a non-retroviral 
poIy(A) site. Furthermore, tat has been deleted and a 50% 
deletion of nef yields an "inactive" nef product In addition, 5J 
vif and vpr are placed out of normal sequence and a partial 
deletion of vpr further ensures an inactive vpr product 

Plasmid pENV is constructed as follows. 

Step 1. Start with pUC18 digested with Hindm and 
EcoRI. The resulting fragment mat contains the CoIEl 60 
origin of replication and the lad gene should be ligaled with 
the EcoRI/Hmdm fragment from pMAMneoBlue that con- 
tains the our sarcoma virus enhancer. The resulting plasmid 
or pMAMneo-Blue from Qontecb (Palo Alto, Calif.) can 
then be digested with HinbTD and BgIL Using standard 65 
techniques, ligate with fragment containing kn gene 
obtained by PCR of geneblock plasmid (Pharmacia). 
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Step 2. If pMAMneo-Blue used as starling plasmid, digest 
with Mlul and EcoRI, fill in the ends with Klenow fragment 
of Polymerase I and religate. 

Step 3. Them, with either pMAMneo-Blue or pUC18- 
derived plasmid, digest with HindlH and ligate with the 
SV40 poly A site and early splicing region obtained by PCR 
of pCEP4 (Invitrogen, San Diego Calif.) with primers SEQ 
ID NO.:25 and SEQ ID N0.:26. 

Step 4a. Digest with BamHI and ligate with the CMV 
promoter obtained by PCR of pCEP4 (Invitrogen, San Diego 
Calif.) with primers SEQ ID N0..27 and SEQ ID NO.:28. 

Step 4b. Digest with BamHI and ligate with the MoMLV 
LTR obtained by PCR with primers SEQ ID NO.:29 and 
SEQ ID NO.:30. 

Step 5. Digest with Nod and Mlul and ligate with GP160 
coding region obtained by PCR of pMN-STl with primers 
SEQ ID NO.:3I and SEQ ID NO.:32. 

Step 6. Digest with Mlul and ligate with sequences that 
encode vif in its entirety and vpr with a 13aa carboxy-end 
deletion by CPR of HXB2D plasmid (AIDS Repository) 
with primers SEQ ID NO.:33 and SEQ ID NO.:34. 

Example 43 

An immunization system is provided which comprises: 
a pharmaceutical composition comprising about 1 00 ug of 
pGAGPOL. rev in an isotonic, pharmaceutically 
acceptable solution; and, 
a pharmaceutical preparation comprising 100 ug of pEN- 
Vin an isotonic, pharmaceutically acceptable solution. 
In addition, the immunization system preferably com- 
prises a pharmaceutical composition comprising about 
1 ml of 0.5% bupivacaine-HCl and 0.1% methylpara- 
ben m an isotonic pharmaceutical carrier. 
In such a preferred immunization system, a first set of 
administrations is performed in which bupivacaine and one 
of the two pharmaceutical compositions are administered 
intramuscularly to an individual, preferably into a muscle of 
an arm or buttock. Bupivacaine and the other of the two 
pharmaceutical compositions are administered intramuscu- 
larly to the individual at a different site, preferably remote 
from the site of the administration of the one pharmaceutical 
composition, preferably into a muscle of the other arm or 
buttock. Subsequence sets of administrations may be per- 
formed later in time, preferably 48 hours to two weeks or 
more later. 

The imrmmization system may be used to vaccinate an 
individual in order to protect that individual from HIV 
infection or to treat an HIV infected individual with an 
immunotherapeutia 
Example 44 

In some embodiments, the present invention relates to a 
method of immunizing an individual against HIV by admin- 
istering a single inoculanL This inoculant includes a genetic 
construct that comprises at least one, preferably two, more 
preferably more than two or a plurality of the genes of the 
HIV virus or all of the structural genes. However, the 
inoculant does not contain a complete complement of all 
HIV genes. If a single cell is provided with a complete 
complement of viral genes, it is possible that a complete 
infectious virus can be assembled within the cell. Accord- 
ingly, a genetic construct according to the present invention 
is not provided with such a full complement of genes. As a 
safety precaution, one or more essential genes can be deleted 
or intentionally altered to further ensure that an infectious 
viral particle cannot be formed. 
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In some embodiments of the present invention, at least 
portions of one, two or all HTV structural genes are provided. 
The structural genes of HTV consist of gag, pol and env. 
Portions of at least one of these three genes are provided on 
a genetic construct Accordingly, in some embodiments, at 5 
least a portion of each of gag and pol are provided on a 
genetic construct; in some embodiments, at least a portion of 
env is provided on a genetic construct; in some embodi- 
ments, at least a portion of gag is provided on a genetic 
construct; in some embodiments at least a portion of each of io 
pol and env arc provided on a genetic construct; in some 
embodiments, at least a portion of each of gag and env are 
provided on a genetic construct; in some embodiments at 
least a portion of pol is provided on a genetic construct 
Optionally, the entire gene is provided Optionally, in any of 15 
these constructs, HIV regulatory genes may also be present 
The HTV regulatory genes are: vpr, vif, vpu, nef, tat and rev. 
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As used herein, the term "expression unit" is meant to 
refer to a nucleic acid sequence which comprises a promoter 
operably linked to a coding sequence operably linked to a 
polyadenylation signal. The coding sequence may encode 
one or more proteins or fragments thereof. In preferred 25 
embodiments, a expression unit is within a plasmid 

As used herein, the term "HTV expression unit" is meant 
to refer to a nucleic acid sequence which comprises a 
promoter operably linked to a coding sequence operably 
linked to a polyadenylation signal in winch the coding 30 
sequence encodes a peptide that comprises an epitope that is 
identical or substantially similar to an epitope found on an 
HTV protein. "Substantially similar epitope*' is meant to 
refer to an epitope that has a structure which is not identical 
to an epitope of an HIV protein but nonetheless invokes an 35 
cellular or humoral imrrmne response which cross reacts to 
an HIV protein. In preferred embodiments, the HIV expres- 
sion unit comprises a coding sequence which encodes one or 
more HIV proteins or fragments thereof. In preferred 
ernbom'ments, an HIV expression unit is within a plasmid 40 

In some embodiments of the present invention, a single 
genetic construct is provided that has a single HIV expres- 
sion unit which contains DNA sequences that encode one or 
more HTV proteins or fragments thereof. As used herein, the 
term "single HIV expression unit construct" is meant to refer 
to a single genetic construct that contains a single HIV 
expression unit In preferred embodiments, a single HIV 
expression unit construct is in the form of a plasmid. 

In some embodiments of the present invention* a single 5Q 
genetic construct is provided that has more than one HIV 
expression units in which each contain DNA sequences that 
encode one or more HIV proteins or fragments thereof. As 
used herein, the term "multiple HIV expression unit genetic 
construct" is meant to refer to a single plasmid that contains ^ 
more than one HTV expression units. In preferred embodi- 
ments, a multiple HIV expression unit construct is in the 
form of a plasmid. 

In some embodiments of the present invention, a single 
genetic construct is provided that has two HIV expression 60 
units in which each contain DNA sequences mat encode one 
or more HIV proteins or fragments thereof. As used herein, 
the term **two HIV expression unit genetic construct" is 
meant to refer to a single plasmid that contains two HIV 
expression units, i.e a multiple HTV expression unit genetic 65 
construct that contains two HTV expression unit genetic 
expression units. In a two HTV expression unit genetic 
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construct, it is preferred that one HIV expression unit 
operates in the opposite direction of the other HTV expres- 
sion unit In preferred embodiments, a two HTV expression 
unit construct is in the form of a plasmid 

In some embodiments of the present invention, an HIV 
genetic vaccine is provided which contains a single genetic 
construct. The single genetic construct may be a single HTV 
expression unit genetic construct, a two HTV expression unit 
genetic construct or a multiple HIV expression unit genetic 
construct which contains more than two HIV expression 
units. 

In some embodiments of the present invention, an HTV 
genetic vaccine is provided which contains more than one 
genetic construct in a single inoculant 

In some embodiments of the present invention, an HTV 
genetic vaccine is provided which contains more than one 
genetic construct in more than one inoculant. As used herein, 
the term 1 'multiple inoculant" is meant to refer to a genetic 
vaccine which comprises more than one genetic construct, 
each of which is administered separately. In some embodi- 
ments of the present invention, an HIV genetic vaccine is 
provided which contains two genetic constructs. Each 
genetic construct may be, independently, a single HTV 
expression unit genetic construct, a two HTV expression unit 
genetic construct or a multiple HIV expression unit genetic 
construct which contains more than two HTV expression 
units. In some embodiments, both genetic constructs are 
single HIV expression unit genetic constructs. In some 
embodiments, both genetic constructs are two HIV expres- 
sion unit genetic constructs. In some embodiments, both 
genetic constructs are multiple HIV expression unit genetic 
constructs. In some embodiments, one genetic construct is a 
single HIV expression unit genetic construct and the other is 
a two HTV expression unit genetic construct One having 
ordinary skill in the art can readily recognize and appreciate 
the many variations depending upon the number of genetic 
constructs used in a genetic vaccine and the number of HIV 
expression units that may be present on each genetic con- 
struct 

It is preferred that the genetic constructs of the present 
invention do not contain certain HTV sequences, particularly, 
those which play a role in the HIV genome integrating into 
the chromosomal material of the cell into which it is 
introduced It is preferred that the genetic constructs of the 
present invention do not contain LTRs from HIV. Similarly, 
it is preferred that the genetic constructs of the present 
invention do not contain a psi site from HIV. Further, it is 
preferred that the reverse transcriptase gene is deleted and 
the integrase gene is deleted. Deletions include deletion of 
only some of the codons or replacing some of the codons in 
order to essentially delete the gene. For example, the initia- 
tion codon may be deleted or changed or shifted out of frame 
to result in a nucleotide sequence that encodes an incomplete 
and non functioning. 

It is also preferred that the genetic constructs of the 
present invention do not contain a transcribable tat gene 
from HIV. The tat gene, which overlaps the rev gene may be 
completely deleted by substituting the codons that encode 
rev with other codons that encode the same amino acid for 
rev but which does not encode the required tat amino add in 
the reading frame in which tat is encoded Alternatively, only 
some of the codons are switched to either change, i.e. 
essentially delete, the initiation codon for tat and/or change, 
ie. essentially delete, sufficient codons to result in a nucle- 
otide sequence that encodes an incomplete and non-func- 
tioning tat 
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h is preferred thai a genetic construct comprises coding 
sequences that encode peptides which have al least an 
epitope identical to or substantially similar to an epitope 
from HIV gag, pol, env or rev proteins. It is more preferred 
that a genetic construct comprises coding sequences that 5 
encode at least one of HIV gag, pol, env or rev proteins or 
fragments thereof. It is preferred that a genetic construct 
comprises coding sequences that encode peptides which 
have more than one epitopes identical to or substantially 
similar to an epitope from HIV gag, pol, env or rev proteins, |Q 
It is more preferred that a genetic construct comprises 
coding sequences that encode more than one of HIV gag, 
pol, env or rev proteins or fragments thereof. 

In some embodiments, a genetic construct comprises 
coding sequences that encode peptides which have at least w 
an epitope identical to or substantially similar to an epitope 
from HIV vif, vpr, vpu or nef proteins. In some embodi- 
ments, a genetic construct comprises coding sequences that 
encode at least one of HTV vif, vpr, vpu or nef proteins or 
fragments thereof. 

A single HTV expression unit genetic construct may 
comprise coding regions for one or more peptides which 
share at least one epitope with an HTV protein or fragment 
thereof in a single expression unit under the regulatory 
control of single promoter and polyadenylation signal. It is ^ 
preferred that genetic constructs encode more than one HTV 
protein or fragment thereof. The promoter may be any 
promoter functional in a human cell. It is preferred that the 
promoter is an SV40 promoter or a CMV promoter, prefer- 
ably a CMV irrimediate early promoter. The polyadenylation ^ 
signal may be any polyadenylation signal functional in a 
human cell. It is preferred that the polyadenylation signal is 
an SV40 polyadenylation signal, preferably the SV40 minor 
polyadenylation signal. If more than one coding region is 
provided in a single expression unit, they may be immedi- ^ 
ately adjacent to each other or. separated by non-coding 
regions. In order to be properly expressed, a coding region 
must have an initiation codon and a termination codon. 

A two HIV expression unit genetic construct may com- 
prise coding regions for one or more peptides which share al ^ 
least one epitope with an HIV protein or fragment thereof on 
each of the two expression units. Each expression unit is 
under the regulatory control of single promoter and poly- 
adenylation signal. In some embodiments, it is preferred that 
genetic constructs encode more than one HTV protein or ^ 
fragment thereof. In some embodiments, it is preferred that 
nucleotide sequences encoding gag and pol are present on 
one expression unit and nucleotide sequences encoding env 
and rev are present on the other. The promoter may be any 
promoter functional in a human cell. It is preferred that the ^ 
promoter is an SV40 promoter or a CMV promoter, prefer- 
ably a immediate early CMV promoter. The polyadenylation 
signal may be any polyadenylation signal functional in a 
human cell. It is preferred that the polyadenylation signal is 
an SV40 polyadenylation signal, preferably the SV40 minor 53 
polyadenylation signal. If more than one coding region is 
provided in a expression unit, they may be immediately 
adjacent to each other or separated by non-coding regions. 
In order to be properly expressed, a coding region must have 
an initiation codon and a termination codon. w 

According to some embodiments of the present invention, 
the MHC Qass fl crossreactive epitope in env is deleted and 
replaced with the analogous region from HIV II. 

When a genetic construct contains gag and/or pol, it is 
generally important that rev is also present. In addition to 65 
rev, a rev response element may be provided with gag and 
pol for increased expression of those genes. 
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When genetic constructs are produced that it is preferred 
that the env gene used in plasmid 1 is derived from MN or 
MN-like isolates including clinical isolates resembling MN, 
preferably non-syncytial inducing clinical isolates, prefer- 
ably those that are macrophage tropic from early stage 
clinical isolates. 

Multiple proteins may be produced from a single expres- 
sion unit by alternative splicing. Splicing signals arc pro- 
vided tp allow alternative splicing which produces different 
messages encoding different proteins. 

Example 46 

FIG. 8 shows four backbones, A, B, C and D. FIG. 9 
shows 4 inserts, 1, 2, 3 and 4. Insert 1 supports expression 
of gag and pol; the rev response element was cloned in a 
manner to conserve the HIV splice acceptor. Insert 2 is 
similar to insert 1 as it too supports expression of gag and pol 
except the rev reponsc element was cloned without conserv- 
ing the HIV splice acceptor Insert 3 supports expression of 
gag and pol, includes a deletion of the intcgrase gene and 
does not include the presence of the cis acting rev response 
element. Insert 4 supports expression of rev, vpu and env. 
The env may have the MHC class II cross reactive epitope 
altered to eliminate crossreactivity and the V3 loop may be 
alterered to eliminate the possibility of syncytia formation. 

In some embodiments, backbone A is used with insert 1. 
Such constructs optionally contain the SV40 origin of rep- 
lication. Plasmid pAlori+ is backbone A with insert 1 and 
the SV40 origin of replication. Plasmid pAlori- is backbone 
A with insert 1 without the SV40 origin of replication. 
Additionally, either pAlori+ or pAlori- may include inte- 
gral yielding pAlori+int+ and pAlori-int+, respectively. 
Plasmids pAlori+, pAlori-, pAlori+inH- and pAlori-int+ 
may be further modified by functionally deleing the reverse 
transcriptase (RT) gene yielding pAlori+RT-, pAlori-RT-, 
pAlortant+RT- and pAlori-int+RT-, respectively. 

In some emtodirnents, backbone A is used with insert 2. 
Such constructs optionally the SV40 origin of replication. 
Plasmid pA2ori+ is backbone A with insert 2 and the SV40 
origin of replication. Plasmid pA2ori- is backbone A with 
insert 1 without the SV40 origin of replication. Additionally, 
either pA2ori+- or pA2ori- may include integrase yeilding 
pA2ori+int+ and pA2ori-Hnt+, respectively. Plasmids 
pA2ori+, pA2ori-, pA2ori+inl+ and pA2ori-inl+ may be 
further modified by functionally deleing the reverse tran- 
scriptase (RT) gene yielding pA2ori+RT- pA2ori-RT-, 
pA2ori+int+RT- and pA2ori-4nt+RT- respectively. 

In some embodiments, backbone B is used with insert 1. 
Such constructs optionally the SV40 origin of replication. 
Plasmid pBlori+ is backbone B with insert 1 and the SV40 
origin of replication, Plasmid pBlori- is backbone B with 
insert 1 without the SV40 origin of replication. Additionally, 
either pBlori+ or pBlori- may include integrase yeilding 
pBlori+int+ and pBlori-mt+, respectively. Plasmids 
pBlori-h pBlori-, pBlori+int+ and pBlori-int+ may be 
further modified by functionally deleting the reverse tran- 
scriptase (RT) gene yielding pBlori+RT- pBlori-RT-, 
pBlori+int+KT- and pBlorMnt+RT- respectively. 

In some embodiments, backbone B is used with insert 2. 
Such constructs optionally the SV40 origin of replication. 
Piasmid pB2ori+ is backbone B with insert 2 and the SV40 
origin of replication. Plasmid pB2ori- is backbone B with 
insert 1 without the SV40 origin of replication. Additionally, 
either pB2ori+ or pB2ori- may include integrase yeilding 
pB2ori+inl+ and pB2ori-4nt+, respectively. Plasmids 
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pB2ori+, pB2ori-, pB2ori-fint+ and pB2ori-inl+ may be 
further modified by functionally deleing the reverse tran- 
scriptase (RT) gene yielding pB2ori+RT- pB2ori-RT- 
pB2ori+int+RT- and pB2ori-im+RT-, respectively. 

In some embodiments, backbone A minus rev is used with 5 
insert 3. Such constructs optionally the SV40 origin of 
replication. Plasmid pA/r-3ori+ is backbone A with insert 2 
and the SV40 origin of replication. Plasmid pA/r-3ori- is 
backbone A minus rev with insert 3 without the SV40 origin 
of replication. Additionally, either pA/r-3ori+ or pA/r-3ori- 10 
may include integrase yeflding pA/r-3ori+int+ and pA/r- 
3ori-int+, respectively. Plasmids pA/r-3ori+, pA/r-3ori-, 
pA/r-3ori+int+ and pA/r-3ori-int+ may be further modified 
by functionally deleing the reverse transcriptase (RT) gene 
yielding pA/r-3ori+RT- pA/r-3ori-RT- pA/r-3ori+tnt+ is 
RT- and pA/r-3ari-inl+RT- respectively. 

In some embodiments, backbone C is used with insert 1. 
Such constructs optionally the SV40 origin of replication. 
Plasmid pClori+ is backbone C with insert 1 and the SV40 
origin of replication. Plasmid pClori- is backbone C with 20 
insert 1 without the SV40 origin of replication. Additionally, 
either pClori+ or pClori— may include integrase yeildrng 
pClori+int+ and pClori-4nt+, respectively. Plasmids 
pCIori+, pClori-, pClori+im+ and pClori-int+ may be 
further modified by functionally deleing the reverse tran- 25 
scriptase (RT) gene yielding pClori+RT- pClori-RT-, 
pClori+inl+RT- and pClori-int+RT-, respectively. 

In some embodiments, backbone C is used with insert Z 
Such constructs optionally the SV40 origin of replication. 
Plasmid pC2ori+ is backbone C with insert 2 and the SV40 30 
origin of replication. Plasmid pC2ori- is backbone C with 
insert 2 without the SV40 origin of replication. Additionally, 
either pC2ori+ or pC2ori- may include integrase yeflding 
pC2ori+int+ and pC2ori-int+, respectively. Plasmids 
pC2ori+, pC2ori-, pC2ori+int+ and pC2ori-int+ may be 35 
further modified by functionally deleing the reverse tran- 
scriptase (RT) gene yielding pC2ori+RT- pC2ori-RT-, 
pC2ori+inl+RT- and pC2ori-int+RT-, respectively. 

In some embodiments, backbone C is used with insert 3. 
Such constructs optionally the SV40 origin of replication. 
Plasmid pC3ori+ is backbone C with insert 3 and the SV40 
origin of replication. Plasmid pC3ort- is backbone C with 
insert 3 without the SV40 origin of replication. Additionally, 
either pC3ori+ or pC3ori- may include integrase yeflding 
pC3ori+ini+ and pC3ori-int+, respectively. Plasmids 45 
pC3ori+, pC3ori- DC3orkint+ and pC3ori-int+ may be 
further modified by functionally deleing the reverse tran- 
scriptase (RT) gene yielding pC3ori+RT-, pC3ori-RT-, 
pC3ori4int+RT- and pC3ori-4nt4RT-, respectively. 

In some embodiments, backbone D is used with insert 4. 
Such constructs optionally the SV40 origin of replication. 
Plasmid pD4ori+ is backbone D-with insert 4 and the SV40 
origin of replication. Plasmid pIMori- is backbone D with 
insert 4 without the SV40 origin of replication. 
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In some embodiments, a single expression unit/single 
inoculant genetic vaccine is provided which comprises a ^ 
genetic construct that includes a coding sequence which ^ 
encodes a peptide that has at least one epitope which is an 
identical to or substantially similar to epitopes of HIV 
proteins. Hie coding sequence is under the regulatory con- 
trol of the CMV immediate early promoter and the SV40 
minor polyadenylation signal. M 

In some embodiments, a single expression unit/single 
inoculant genetic vaccine is provided which comprises a 



genetic construct thai includes a coding sequence which 
encodes at least one HTV protein or a fragment thereof. The 
coding sequence is under the regulatory control of the CMV 
immediate early promoter and the SV40 minor polyadeny- 
lation signal. The HIV protein is selected from the group 
consisting of gag, pol, env and rev. In some embodiments it 
is preferred that the genetic vaccine is provided which 
comprises a genetic construct that includes a coding 
sequence which encodes at least two HTV proteins or a 
fragments thereof selected from the group consisting of gag, 
pol, env and rev or fragments thereof. In some embodiments, 
it is preferred that the genetic vaccine is provided which 
comprises a genetic construct that includes a coding 
sequence which encodes at least three HIV proteins or a 
fragments thereof selected from the group consisting of gag, 
pol, env and rev or fragments thereof. In some embodiments, 
it is preferred that the genetic vaccine is provided which 
comprises a genetic construct that includes a coding 
sequence which encodes gag, pol, env and rev or fragments 
thereof. 

In some embodiments, a dual expression unit/single 
inoculant genetic vaccine is provided which comprises a 
genetic construct mat includes two expression units each of 
which comprises a coding sequence which encodes a peptide 
that has at least one epitope which is an identical to or 
substantially similar to epitopes of HIV proteins. The coding 
sequence is under the regulatory control of the CMV imme- 
diate early promoter and the SV40 minor polyadenylation 
signal. The two expression units are encoded in opposite 
directions of each other. 

In some embodiments, a dual expression unit/single 
inoculant genetic vaccine is provided which comprises a 
genetic construct that includes two expression units each of 
which comprises a coding sequence which encodes at least 
one HIV protein or a fragment thereof. Each expression unit 
comprises a coding sequence that is under the regulatory 
control of the CMV immediate early promoter and the SV40 
minor polyadenylation signal. The HIV protein is selected 
from the group consisting of gag, pol, env and rev. In some 
embodiments it is preferred that the genetic vaccine is 
provided which comprises a genetic construct that includes 
two expression units, at least one of which comprises a 
coding which encodes at least two HTV proteins or a 
fragments thereof selected from the group consisting of gag, 
pol, env and rev or fragments thereof and the other com- 
prises at least one HIV proteins or a fragments thereof 
s el ected from the group consisting of gag, pol, env and rev 
or fragments thereof. In some embodiments, it is preferred 
that the genetic vaccine is provided which comprises a 
genetic construct that includes two expression units, at least 
one of which comprises a coding sequence winch encodes at 
least three HTV proteins or a fragments thereof selected from 
the group consisting of gag, pol, env and rev or fragments 
thereof and the other comprises at least one HTV proteins or 
a fragments thereof selected from the group consisting of 
gag, pol, env and rev or fragments thereof. In some embodi- 
ments, it is preferred that the genetic vaccine is provided 
which comprises a genetic construct that comprises two 
expression units and includes a coding sequence which 
encodes gag, pol, env and rev or fragments thereof. 

Table 1 

Picornavirus Family 
Genera! 

Rhinoviruses: (Medical) responsible for -50% cases of 
the common cold. 
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Enteroviruses: (Medical) includes polioviroses, coxsack- 
ieviruses, echoviruscs, and human enteroviruses such 
as hepatitis A virus. 

Apthoviruses: (Veterinary) these are the foot and mouth 
disease viruses. 5 

Target antigens: VP1, VP2, VP3» VP4, VPC 
Calci virus Family 

Genera: 

Norwalk Group of Viruses: (Medical) these viruses are an 
important causative agent of epidemic gastroenteritis. 10 
Togavirus Family 
Genera: 

Alphaviruses: (Medical and Veterinary) examples include 
Senilis viruses, RossRiver virus and Eastern & Western 
Equine*** encephalitis. *5 
Reovirus: (Medical) Rubella virus. 
Flariviridue Family 
Examples include: (Medical) dengue, yellow fever, Japa- 
nese encephalitis, St. Louis encephalitis and tick borne ^ 
encephalitis viruses. 
Hepatitis C Virus: (Medical) these viruses are not placed in 
a family yet but are believed to be either a togavirus or a 
flavivirus. Most similarity is with togavirus family. 
Coronavinis ^ 
Family: (Medical and Veterinary) Infectious bronchitis 
virus (poultry) Porcine transmissible gastroenteric 
virus (pig) 

Porcine hemagglulinatiny encephalomyelitis virus (pig) 
Feline infectious peritonitis virus (cats) 30 
Feline enteric coronavirus (cat) 
Canine coronavirus (dog) 

The human respiratory coronavimses cause -40 cases of 
common cold. EX. 224E, 0C43 Note — coronaviruses may ^ 
cause non-A, B or C hepatitis 
Target antigens: 

El — also called M or matrix protein 

E2 — also called S or Spike protein 

E3 — also called HE or hernagghitinelterose glycoprotein 40 
(not present in all coronaviruses) 

N — nucleocapsid 
Rhabdovirus Family 

Genera: Vesiliovirus 

Lyssa virus: (medical and veterinary) rabies 

Target antigen:G protein N protein 
Filoviridue Family: (Medical) 

Hemorrhagic fever viruses such as Marburg and Ebola 
virus 

Paramyxovirus Family: 
Genera: 

Paramyxovirus: (Medical and Veterinary) 

Mumps virus, New Castle disease virus (important patho- 
gen in chickens) 55 

Morbilli virus: (Medical and Veterinary) Measles, canine 
distemper 

Pneumin virus: (Medical and Veterinary) 

Respiratory syncytial virus m 
Orthomyxovirus Family (Medical) 

The Influenza virus 
Bungavirus Family 

Genera: 

Bungavirus: (Medical) California encephalitis, LA Crosse ^ 
Phlebovirus: (Medical) Rift Valley Fever 
Hantavirus: Puremala is a hemahagin fever virus 
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Nairvirus (Veterinary) Nairobi sheep disease 

Also many unassigned bunga viruses 
Arenavirus Family (Medical) 

LCM> Lassa fever virus 
Reovirus Family 

Genera: 

Reovirus: a possible human pathogen 
Rotavirus: acute gastroenteritis in children 
Orbi viruses; (Medical and Veterinary) Colorado Tick 
fever, Lebombo (humans) equine cncephalosis, blue 
tongue 
Retrovirus Family 
Sub-Family: 

Oncorivirinal: (Veterinary) (Medical) feline leukemia 
virus, HTLVI and HTLVTT 

Lenuvirinal: (Medical and Veterinary) HTV, feline immu- 
nodeficiency virus, equine infections, anemia virus 
Spumavirinal 
Papova virus Family 

Sub-Family: 

Polyomaviruses: (Medical) BKU and JCU viruses 
Sub-Family: 

Papillomavirus: (Medical) many viral types associated 
with cancers or malignant progression of papilloma 
Adenovirus (Medical) 

EX AD7, ARD., O.B.— cause respiratory disease — some 
adenoviruses such as 275 cause enteritis 
Parvovirus Family (Veterinary) 

Feline parvovirus: causes feline enteritis 

Feline panleucorjemavirus 

Canine parvovirus 

Porcine parvovirus 
Herpesvirus Family 

Sub-Family: 

alpriarierpesviridue 

Genera: 

Simplex virus (Medical) HSVI, HSVn Varicdlovirus: 
(Medical — Veterinary) pseudorabies — varicella zoster 
Sub-Family — betaherrjesvuidue 
Genera: 

Cytomegalovirus (Medical) 
HCMV 

Murornegalovirus 
Sub-Famfly: 
Gammaherpesviridue 
Genera: 

Lymphocryrjtovirus (Medical) 
EBV — (Burlritts lympho) 
Rhadino virus 
Poxvirus Family 
Sub-Family: 

Chordopoxviridue (Medical — Veterinary) 
Genera: 

Variola (Smallpox) 
Vaccinia (Cowpox) 
Parapoxi virus — Veterinary 
Auipoxvirus — Veterinary 
Capripoxvirus 
Leporipoxvirus 
Suipoxvirus 
Sub-Family: 
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Entemopoxviridue 
Hepadna virus Family 

Hepatitis B vims 
Unclassified 

Hepatitis delta virus 5 
Table 2 

Bacterial pathogens 
Pathogenic gram-positive coed include: 
pneumococcal; staphylococcal; and streptococcal. 
Pathogenic gram-negative cocci include: 
meningococcal; and gonococcal. 
Pathogenic enteric gram-negative bacilli include: 
enterobacteriaceae; pseudomonas, acmetobacteria and 15 
eOcenella; melioidosis; salmonella; shigellosis; hemo- 
philus; chancroid; brucellosis; tularemia; yersinia (pas- 
tcurella); streptobacillus moniliformis and spirillum ; 
listeria monocytogenes; erysipelothrix rhusiopathiae; 
diphtheria; cholera; anthrax; dondvanosis (granuloma 20 
inguinale); and bartonellosis. 
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Pathogenic anaerobic bacteria include: tetanus; botulism; 
other Clostridia; tuberculosis; leprosy; and other mycobac- 
teria. Pathogenic spirochetal diseases include: syphilis; tre- 
ponematoses: yaws, pinta and endemic syphilis; and lep- 
tospirosis. Other infections caused by higher pathogen 
bacteria and pathogenic fungi include: actinomycosis; 
nocardiosis; cryptococcosis, blastomycosis, histoplasmosis 
and coccidioidomycosis; candidiasis, aspergillosis, and 
mucormycosis; sporotrichosis; paracoeddiodomycosis, pet- 
riellidiosis, lonilopsosis, mycetoma and chromomycosis; 
and dermatophytosis. 

Rickettsial infections include rickettsial and rickettsioses. 

Examples of mycoplasma and chlamydial infections 
include: mycoplasma pneumoniae; lymphogranuloma 
venereum; psittacosis; and perinatal chlamydial infections. 
Pathogenic eukaryotes 

Pathogenic protozoans and helminths and infections 
thereby include: amebiasis; malaria; leishmaniasis; trypano- 
somiasis; toxoplasmosis; Pneumocystis carinii; babesiosis; 
giardiasis; trichinosis; filariasis; schistosomiasis; nema- 
todes; trematodes or flukes; and cestode (tapeworm) infec- 
tions. 



SEQUENCE LISTING 

( I ) GENERAL INFORMATION: 

(ill ) NUMBER OF SEQUENCES: 34 



( 2 ) INFORMATION FOR SEQ ID NO:!: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 32 bucpwi 
( B )TYPE: oneiric acid 
( C ) STRANDEDNESS; smgk 
( D ) TOPOLOGY: Hnear 

( 1 i ) MOLECULE TYPE: US A 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO:!: 

AOGCOTCTCG AGACAGAGGA GAGCAAGAAA TG 



( 2 ) INFORMATION FOR SEQ ID NOS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 fane pu> 
( B ) TYPE: nucl ei c acid 
( C ) STRANDEDNESS: stagfe 
(D )TOPOLOGY:Biicw 

( i i ) MOLECULE TYPE: DN A 

( > 1 ) SEQUENCE DESCRIPTION: SEQ ID NO-.2: 

TTTCCCTCTA GATAAGCCAT CCAATCACAC 



( 2 ) INFORMATION FOR SEQ ID NOJt 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 hue pun 
( B ) TYPE: oneiric acid 
(C ) STRANDEDNESS: mjte 
( D ) TOPOLOGY: Haear 

( I l ) MOLECULE TYPE: DN A 

( s i ) SEQUENCE DESCRIPTION: SEQ ID NfrJ: 

OAAGGATCCA TGAAAAAATA TTTATTGGO 
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( 2 ) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERETBCS: 
( A ) LENGTH; 30 buc pain 
( B ) TYPE: noefck acid 
( C ) STRANDEDNESS: single 
( D } TOPOLOGY: tioctr 

( i i ) MOLECULE TYPE: DNA 

(ii ) SEQUENCE DESCRIPTION: SEQ ID NO:* 

ACTGTCGACT T ATTTT A A AG CGTTTTTAAG 



( 2 ) INFORMATION FOR SEQ ID Ntt5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 bate pun 
( B ) TYPE: noetic acid 
( C ) STRANDEDNESS: single 
( D )TOPOlJOGY: Boar 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

GCCAGTTTTC GATCCTTAAA AAAGGCTTGG 



( 2 ) INFORMATION FOR SEQ ID NO^c 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 27 bate pttn 
( B ) TYPE: nochric add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO*: 

TTGTGAGGGA CAGAATTCCA ATCAGGG 



( 2 ) INFORMATION BOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( B )TYPE: nucleic Kid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: Imor 

( i i ) MOLECULE TYPE: DNA 

( k i ) SEQUENCE DESCRIPTION: SEQ ID NOrT: 

CAGTGATATC CCGGGAGACT CCTC 



( 2 ) INFORMATION FOR SEQ ID NQ-.B: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 baaepein 
( B )TYPE: nocldc tcid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Knew 

( i i ) MOLECULE TYPE: DNA 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO& 

OAATAGAAGA ACTCCTCTAG AATTC 



( 2 } INFORMATION FOR SEQ ID NOA 



( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 27 bsaeptsm 
( B ) TYPE: middc add 
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( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: bar 

( i i ) MOLECULE TYPE: DNA 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

GCCTTACGCG OATCCTATOG CAGGAAG 27 

( 2 ) INFORMATION FOR SEQ ID NOrlQ: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pun 
( B ) TYPE: nariric acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: Uncxr 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID Nth 10: 

TAAOATGG0T GGCCATGGTG AATT 24 

( 2 ) INFORMATION FOR SEQ CD NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pain 
( B ) TYPE: nuclei: acxJ 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

AGGCGTCTCG AGACAGAGGA GAGCAAGAAA TG 32 

( 2 ) INFORMATION FOR SBQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTKS: 
( A ) LENGTH: 30 base pass 
( B } TYPE: Dodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: tinear 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TTTCCCTCTA GATAAGCCAT CCAATCACAC 30 

( 2 ) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 ammo acid) 
( B ) TYPE: ammo acid 
( D ) TOPOLOGY: bear 

( I t ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-J3: 

Cj» Asn Thi Atj Lyi Arg lie Arg lie Gls Alg Gly Pro Of; Arg All 
15 10 15 

Pbe Vtl Thr lie G 1 y Lya 
20 



( 2 ) INFORMATION FOR SEQ ID NO.14: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 amino KHb 
( B ) TYPE: amino add 
( D ) TOPOLOGY: fcaexr 
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( i i ) MOLECULE TYPE: peptide 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:I4: 

T»r An. Lyi Arg Ly« Arg lie Hii lie Gin Arg Gly Pro Gly Arg Ala 
] 5 »0 IS 

Phc Tyr Thr Thr Lyi Ain He lie Cyi 
2 0 2 5 

( 2 ) INFORMATION FOR SEQ ID NO: 15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 27 amino acidi 
( B ) TYPE: amino arid 
( D ) TOPOLOGY: linen 

( i i ) MOLECULE TYPE: peptide 

( x t ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

C»i An lie Lyi Olo Pbe Tie A»o Mel Trp GIo Glu Vtl Gly Lyi All 
I 3 10 15 

Met Thr All Pro Pra lie Sex Gly lie Arg Cyi 
20 25 

( 2 ) INFORMATION FOR SEQ ID NO: 16: 

( i ) SEQUENCE CHARACTERISTCS: 
( A ) LENGTH: 26 amino acids 
( B )TYPB: amino add 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Ara lie Lcd Al» V»l G1d Arg Tyr lie Lyi A*p Gin Gin Let) Leu Gly He 
I 5 50 15 

Trp Gly Cyi Ser Gly Lyi Leo lie Cyi 
20 25 

< 2 ) INFORMATION FOR SEQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 27baxpas* 
( B )TYre: nudrtr acid 
( C ) STRANDEDNESS: Single 
( D ) TOPOLOGY: fincar 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOcl7: 

TTGTTTAACT TTTGATCOAT CCATTCC 

( 2 ) INFORMATION FOR SEQ ID NO: 18: 

( i ) SEQUENCE CHARACTERBTK3: 
( A ) LENGTH: 21 base ptfri 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D)TTJPOLOGY:toear 

( i i ) MOLECULE TYPE: DNA 

< x t ) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

GATTTGTATC GATGATCTGA C 



( 2 ) INFORMATION FOR SEQ ID NO-.19: 

( i ) SEQUENCE aiARACTERISTICS: 
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( A ) LENGTH: 25 In jmn 
( B ) TYPE: noetic acil 
( C ) STRANDEDNESS: nnjlc 
( D ) TOPOLOGY: Hoar 

( i i ) MOLECULE TYPE: DNA 

{ » t ) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

TGTAGTAGCA AAAGAAATAG TTAAG 



( 2 ) INFORMATION FOB SEQ ID NO-JO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 hot pmn 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: cnjfc 
( D ) TOPOLOGY: Kncar 

( i 1 ) MOLECULE TYPE: DNA 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO20b 

AATTCTTAAC TATTTCTTTT GCTAC 



( 2 ) INFORMATION FOR SEQ ID N021: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 hue pain 
( B ) TYPE: nadric acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

(si) SEQUENCE DESCRIPTION: SEQ ID ND.21: 

ATTTGTCGAC TGGTTTCAOC CTGCCATGGC AGGAAGAAGC 



( 2 ) INFORMATION FOR SEQ ID NO-.22: 

( t ) SEQUENCE CHARACTERBTTCS: 
( A ) LENGTH: 29 base pun 
( B ) TYPE: noddc acid 
( C ) STRANDEDNESS: nagfe 
( D ) TOPOLOGY: Knar 

( i i ) MOLECULE TYPE: DNA 

(si) SEQUENCE DESCRIPTION: SEQ ID MOT?- 

ACGACGCGTA TTCTTTAGCT CCTGACTCC 



( 2 ) INFORMATION FOR SEQ ID ND23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( B ) TYPE: DucfcxE Kid 
( C ) STRANDEDNESS: gtnjlt 
( D ) TOPOLOGY: lincar 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS3: 

GCTGACGGTA GCGGCCGCAC A ATT 



( 2 ) INFORMATION FDR SEQ ID NO£4: 

( i ) SEQUENCE CHARACIEK3STK3: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: nudck acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: finear 
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( i i ) MOLECULE TYPE: DNA 
( x i } SEQUENCE DESCRIPTION: SEQ CD NO:24: 
CTATTAAGCG OCCCCAATTG TT 



( 2 ) INFORMATION FOR SEQ ID NO-.25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 78 bxsc pain 
( B ) TYPE: nuefcic arid 
( C ) STRANDEDNESS: imgfc 
( D ) TOPOLOGY: linar 

( i i ) MOLECULE TYPE: DNA 

( m i ) SEQUENCE DESCRIPTION: SEQ ID N025: 
AAAAAGCTTC GCGOATCCGC GTTGCGGCCG CAACCOOTCA CCOGCGACGC GTCGGTCG A c 
CGGTCATGGC TGGGCCCC 



( 2 ) INFORMATION FOR SEQ ID N026: 

( i } SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 base pan 
( B ) TYPE: noefcic arid 
( C ) STRANDEDNESS: nngfc 
( D ) TOPOLOGY: Eucet 

( i i ) MOLECULE TYPE: DNA 

( m i ) SEQUENCE DESCRIPTION: SEQ ID N02& 

CCCAAGCTTA GACATGATAA GATACATTG 



( 2 ) INFORMATION FOR SEQ ID N027: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 baac pain 
( B ) TYPE: nockfc arid 
(C ) STRANDEDNESS: bo^b 
( D ) TOPOLOGY: Hncsr 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOZ7: 

CTAGCAOCTO GATCCCAGCT TC 



( 2 ) INFORMATION FOR SEQ ID NO:2B: 

I i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 bue pan 
( B ) TYPE: nodcic arid 
( C ) STRANDEDNESS: mgfc 
( D ) TOPOLOGY: Boar 

( i i ) MOLECULE TYPE: DNA 

( x i > SEQUENCE DESCRIPTION: SEQ ID N021: 

GGATTTCTGG GGATCCAAGC T AG T 



( 2 ) INFORMATION FOR SEQ ID NOOK 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 teat pahs 
( B ) TYPE: nodes add 
( C) STRANDEDNESS: stngb 
( D ) TOPOLOGY: Era 

( I i ) MOLECULE TYPE: DNA 



( x t ) SEQUENCE DESCRIPTION: SEQ ID N03% 
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TATAGGATCC CCCCAATGAA AGACCCCACC T 



( 2 ) INFORMATION FOR SEQ ID NOJCt 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 bnc pnn 
( B ) TYPE; oucfcictdd 
( C ) STRANDEDNESS: nigje 
( D ) TOPOLOGY: Bdcst 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-JO: 

ATATGGATCC GCAATGAAAG ACCCCCOCTG A 



( 2 } INFORMATION FOR SEQ ID N03I: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 tmsc pun 
( B ) TYPE: cncfcr tad 
( C ) STRANDEDNESS: angle 
( □ ) TOPOLOGY: Knar 

( i i ) MOLECULE TYPE DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-J1: 

TAAAGCGGCC GCTCCTATGG CAGGAAGACG 



( 2 ) INFORMATION FOR SEQ ID NOJ2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 tax pan 
( B ) TYPE: nucleic nt 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: fines* 

( i i } MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N032: 

ATTACGCGTC TTATGCTTCT AGCCAGGCAC AATG 



( 2 ) INFORMATION FOR SEQ ID NOJ3: 

( I ) SEQUENCE CHARACTERBTK3: 
( A ) LENGTH: 40 hex ptin 
( B ) TYPE: rocks kU 
( C ) STRANDEDNESS: ginjfe 
( D ) TOPOLOGY: fcnexr 

( i i ) MOLECULE TYPE: DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-J3: 

ATT ACGCGTT TATTACAGAA TGGAAAACAQ ATGGC AGGTG 



( 2 ) INFORMATION FOR SEQ ID NOJ4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 buc juin 
( B ) TYPE: nudes: add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: finest 

( i i ) MOLECULE TYPE: DNA 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-J4: 
ATT ACGCGTT ATTGC AG A AT TCTT ATTATG GC 
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We claim: 

1. A method of immunizing an individual comprising: 
injecting into skeletal muscle tissue of said individual at 

a site on said individual's body, bupivacaine and a 
DNA molecule that comprises a DNA sequence that 5 
encodes an antigen from a pathogen, said DNA 
sequence operatively linked to regulatory sequences 
which control the expression of said DNA sequence; 
wherein said DNA molecule is taken up by cells in said 
skeletal muscle tissue, said DNA sequence is expressed 
in said cells and an immune response is generated 
against said antigen. 

2. The method of claim 1 wherein said pathogen is an 
intracellular pathogen. 

3. The method of claim 1 wherein said pathogen is a virus 
selected from the group consisting of: human immunodefi- 
ciency virus, HIV; human T cell leukemia virus, HTLV; 
influenza virus; hepatitis A virus; hepatitis B virus; hepatitis 
C virus; human papilloma virus, HPV; Herpes simplex 1 
virus, HSV1; Herpes simplex 2 virus, HSV2; Cytomega- 
lovirus, CMV; Epstein-Barr virus, EBR; rmnovirus; and, 
corona virus. 

4. The method of claim 1 wherein said pathogen is HIV 
and said DNA molecule comprises a DNA sequence that ^ 
encodes an HIV antigen. 

5. The method of claim 1 wherein at least two non- 
identical DNA molecules are injected into skeletal muscle 
tissue of said individual at different sites on said individual's 
body, said bupivacaine being injected into each of the 
different sites of an individual; said non-identical DNA 
molecules each comprising DNA sequences encoding one or 
more pathogen antigens of the same pathogen. 

6. A method of immunizing an individual comprising: 
injecting into skeletal muscle tissue of said individual at 

a site on said individual's body, bupivacaine and a 
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DNA molecule that comprises a DNA sequence that 
encodes a hyperproliferative disease-associated protein 
operatively linked to regulatory sequences; 
wherein said DNA molecule is taken up by cells in said 
skeletal muscle tissue, said DNA sequence is expressed 
in said cells, and an immune response is generated 
against said hyperproliferative disease-associated pro- 
tein. 

7. The method of claim 6 wherein said DNA molecule 
comprises a DNA sequence encoding a target protein 
selected from the group consisting of: protein products of 
oncogenes myb, myc, fyn, ras, sre, neu and trk; protein 
products of translocation gene bcr/abl; P53; variable regions 
of antibodies made by B cell lymphomas; and variable 
regions of T cell receptors of T cell lymphomas. 

8. A method of immunizing an individual comprising: 
injecting into skeletal muscle tissue of said individual, 

bupivacaine and a DNA molecule that comprises a 
DNA sequence that encodes an autoimmune disease- 
associated protein operatively linked to regulatory 
sequences; 

wherein said DNA molecule is taken up by cells in said 
skeletal muscle tissue, said DNA sequence is expressed 
in said cells and an immune response is generated 
against said autoimmune disease-associated protein. 

9. The method of claim 8 wherein said DNA molecule 
comprises a DNA sequence encoding a target protein 
selected from the group consisting of: variable regions of 
antibodies involved in B cell mediated autoimmune disease; 
and variable regions of T cell receptors involved in T cell 
mediated autoimmune disease. 

***** 
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ABSTRACT 



A chimeric live, infectious, attenuated virus containing a 
yellow fever virus, in which the nucleotide sequence for a 
prM-E protein is either deleted, truncated, or mutated, so 
that functional prM-E protein is not expressed, and inte- 
grated into the genome of the yellow fever virus, a nucle- 
otide sequence encoding a prM-E protein of a second, 
different flavivirus, so that the prM-E protein of the second 
flavivirus is expressed. 
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Fiy, 13 Neutralizing antibody titers (50%) in rhesus monkeys 2 and 4 weeks post 
inoculations with a single dose of vaccines by the I.C. route. 
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Figure 17. Neurovirulence pbenotype of ChimeriVax™-Den2 in outbred (CD-I) suckling 
mice inoculated by the I.C. route with 10,000 PFU/0.02 ml. 
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Figure 18. Neurovirulence phenotype of 17D vaccine (YF-Vax®) in outbred (CD-I) 
suckling mice inoculated by the LP. route with 1000 PFU/0.02 ml. 
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CHIMERIC FLAVIVIRUS VACCINES Murray Valley encephalitis (MVE) viruses were produced 

and shown to be fusion incompetent. By using sequence- 

Tbis is a continuation-in-part of PCT/US98/03894, filed specific peptides and monoclonal antibodies, it was demon- 

on Mar. 2, 1998 which is a continuation-in-part of U.S. Ser. strated that prM interacts with amino acids 200-327 of the 

No. 09/007,664, filed on Jan. 15, 1998, now abandoned, 5 E protein. This interaction is necessary to protect the E 

which is a continuation-in-part of U.S. Ser. No. 08/807,445, protein from the irreversible conformational changes caused 

filed on Feb. 28, 1997, now abandoned. by maturation in the acidic vesicles of the exocytic pathway 

(Guirakhoo et al., Virology 191:921-931, 1992). 
The cleavage of prM to M protein occurs shortly before 

This invention relates to infectious, attenuated viruses 10 release of virions by a furin-like cellular protease (Stadleret 

useful as vaccines against diseases caused by flaviviruses. al., J. Virol. 71:8475-8481, 1997), which is necessary to 

Several members of the flavivirus family pose current or activate hemagglutinating activity, fusogenic activity, and 

potential threats to global public health. For example, Japa- infectivity of virions. The M protein is cleaved from its 

nese encephalitis is a significant public health problem precursor protein (prM) after the consensus sequence R-X- 

invorving millions of at risk individuals in the Far East. 15 R/K-R (X is variable), and incorporated into the virus lipid 

Dengue virus, with an estimated annual incidence of 100 envelope together with the E protein, 

million cases of primary dengue fever and over 450,000 Cleavage sequences have been conserved not only within 

cases of dengue hemorrhagic fever worldwide, has emerged flaviviruses, but also within proteins of other, unrelated 

as the single most important arthropod-transmitted human viruses, such as PE2 of murine corona viruses, PE2 of 

disease. 20 alp ha viruses, HA of influenza viruses, and pi 60 of retrovi- 

Other flaviviruses continue to cause endemic diseases of ruses. Cleavage of the precursor protein is essential for virus 

variable nature and have the potential to emerge into new infectivity, but not particle formation. It was shown that, in 

areas as a result of changes in climate, vector populations, case of a TBE-dengue 4 chimera, a change in the prM 

and environmental disturbances caused by human activity. cleavage site resulted in decreased neuro virulence of this 

These flaviviruses include, for example, St. Louis encepha- 25 chimera (Pletnev et al., J. Virol. 67:4956-4963, 1993), 

litis virus, which causes sporadic, but serious, acute disease consistent with the previous observation that efficient pro- 

in the midwest, southeast, and western United States; West cessing of the prM is necessary for full infectivity 

Nile virus, which causes febrile illness, occasionally com- (Guirakhoo et al., 1991, supra; Guirakhoo et al., 1992, supra; 

plicated by acute encephalitis, and is widely distributed Heinz et al., Virology 198:109-117, 1994). Antibodies to 

throughout Africa, the Middle East, the former Soviet prM protein can mediate protective immunity, apparently 

Union, and parts of Europe; Murray Valley encephalitis due to neutralization of released virions that contain some 

virus, which causes endemic nervous system disease in uncleaved prM. The proteolytic cleavage site of the PE2 of 

Australia; and lick-borne encephalitis virus, which is dis- VEE (4 amino acids) was deleted by site-directed mutagen- 

tributed throughout the former Soviet Union and eastern esis of the infectious clone (Smith et al., ASTMH meeting, 

Europe, where its Ixodes tick vector is prevalent and respon- 3 Dec. 7-11, 1997). Deletion mutants replicated with high 

sible for a serious form of encephalitis in those regions. efficiency and PE2 proteins were incorporated into particles. 

Hepatitis C virus (HCV) is another member of the fla- ^ mutant was evaluated in lethal mouse and hamster 

vivirus family, with a genome organization and replication models and shown to be attenuated; in non-human primates 

strategy that are similar, but not identical, to those of the ^ i{ caused 100% seroconversion and protected all immunized 

flaviviruses mentioned above. HCV is transmitted mostly by monkeys from a lethal challenge, 

parenteral exposure and congenital infection, is associated SUMMARY OF THE INVENTION 
with chronic hepatitis that can progress to cirrhosis and 

hepatocellular carcinoma, and is a leading cause of liver The invention features chimeric, five, infectious, attenu- 

disease requiring orthotopic transplantation in the United 45 a ted viruses that are each composed of: 

States. (a) a first yellow fever virus (e.g., strain 17D), represent- 

The Flaviviridae family is distinct from the alphaviruses ing a live, attenuated vaccine virus, in which the 

(e.g., WEE, VEE, EEE, SFV, etc.) and currently contains nucleotide sequence encoding the prM-E protein is 

three genera, the flaviviruses, the pestiviruses, and the either deleted, truncated, or mutated so that the func- 

hepatitis C viruses. Fully processed mature virions of fla- 50 tional prM-E protein of the first flavivirus is not 

viviruses contain three structural proteins, envelope (E), expressed, and 

capsid (C), and membrane (M), and seven non-structural (b) integrated into the genome of the first flavivirus, a 

proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). nucleotide sequence encoding the viral envelope (prM- 

Immature flavivirions found in infected cells contain pre- E) protein of a second, different flavivirus, so that the 

membrane (prM) protein, which is the precursor to the M 55 prM-E protein of the second flavivirus is expressed 

protein. from the altered genome of the first flavivirus. 

After binding of virions to host cell receptors, the E The chimeric virus is thus composed of the genes and 

protein undergoes an irreversible conformational change gene products responsible for intracellular replication 

upon exposure to the acidic pH of endosomes, causing belonging to the first flavivirus and the genes and gene 

fusion between the envelope bilayers of the virions and 60 products of the envelope of the second flavivirus. Since the 

endocytic vesicles, thus releasing the viral genome into the viral envelope contains antigenic determinants responsible 

host cytosol. PrM-coDtaining tick-bome encephalitis (TOE) for inducing neutralizing antibodies, the result of infection 

viruses are fusion-incompetent, indicating that proteolytic with the chimeric virus is that such antibodies are generated 

processing of prM is necessary for the generation of fusion- against the second flavivirus. 

competent and fully infectious virions (Guirakhoo et aL, 1. 65 A preferred live vims for use as the first yellow fever virus 

Gen. Virol. 72(Pt. 2):333-338, 1991). Using ammonium in the chimeric viruses of the invention is YF 17D, which 

chloride late in the virus replication cycle, prM-containing has been used for human immunization for over 50 years. 
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YF 17D vaccine is described in a number of publications, resulting chimeric virus is attenuated to a degree that renders 

including publications by Smithburn et al. ("Yellow Fever it safe for use in humans. 

Vaccination," World Health Org., p. 238, 1956), and Free- Other features and advantages of the invention will be 

stone (in Plotkin et al., (Eds.), Vaccines, 2 nd edition, W. B. apparent from the following detailed description, the 

Saunders, Philadelphia, 1995). In addition, the yellow fever s drawings, and the claims, 
virus has been studied at the genetic level (Rice et al., 

Science 229:726-733, 1985) and information correlating BRIEF DESCRIPTION OF THE DRAWINGS 

genotype and phenotype has been estabfched f^archevsky pic. 1 is a schematic representation of the C, prM, E, and 

et al., Am. J. Trop Med. Hyg. 52:75-80, 1995). Specific NS 1 regions and junction sequences of a YF/JE chimera of 

examples of yeUow fever substrains that can be used in the 10 ^ mvention . acid sequences flanking cleavage 

invention mclude forexample, YF 17DD (GenBank Acces- sites at ^ junctions are indicated for JE, YF, and the YF/JE 

sion No. U17066), YF 17D-213 (GenBank Accession No. ^ (s j, Q m NOs :3-ll). 
U17067), YF 17D-204 France (X15067, X15062), and m „ ' ). w . . ' . c 

YF-17D-204, 234 US (Rice et al., New Biologist 1:285-296, , f 10 - 2 18 representation of genetic mampu- 

1989; C 03700, K 02749). Yellow Fever virus strains are 15 ^ on ,? "'ViT^™ ™ * Ye "°T 

also described by Galler et al., Vaccine 16 (9/10):1024-28, fever/Japanese Encephakns (YF/JE) chimenc vmis of the 

jppg v 7 invention. 

Preferred flaviviruses for use as the second flavivirus in F 10 - 3 is a set of growth curves for chimeric YF/JE 

the chimeric viruses of the invention, and thus sources of viruses of the invention in cell cultures acceptable for 

immunizing antigen, include Japanese Encephalitis (JE, e.g., 20 preparation of a human vaccine. 

JE SA 14 -14-2), Dengue (DEN, e.g., any of Dengue types 14; FIG. 4 is a growth curve of RMS (Research Master Seed, 

for example, Dengue-2 strain PUO-218) (Gruenberg et al, J. YF/JE SA J4 -14-2) in Vero and LLC-MK2 cells. 
Gen. Virol. 67:1391-1398, 1988) (sequence appendix 1 FIG. 5 is a graph showing a growth comparison between 

(SEQ ID NO: 1); nucleotide sequence of Dengue-2 insert; RMS (YF/JE SA 14 -14-2) and YF-VAX® (Yellow Fever 17D 

Pr-M: nucleotides 1-273; M: nucleotides 274-498; E: nucle- 25 vaccine) in MRC-5 cells. 

otides 499-1983) (sequence appendix 1 (SEQ ID NO:2); nG 6Ais a ^ ^ eflfects of ^omethacin 

amino acid sequence of Dengue-2 insert; Pr-M: amino acids ^ QT 2-aminopurine (2-AP) on growth kinetics of YF/JE 

1-91; M: amino acids 92-166; E: amino acids 167-661), S A 14 -14-2 (0.01 MOI) in FRhL cells. 

Murray Valley Encephalitis (MVE), St. Louis Encephalitis . / 1 ^ r . , t . 

(SLE), West Nile (WN), Tick-tame Encephalitis (TBE) 30 ™ G ^ » a me effects of m domethacm 

(Lc, Central European ^cephalitis (CEE) and Russian <™> ° r I'T^^ ° fYF/JE 

c • c c ™u iv /been * ( au f ^ SAd-14-2 (0.1 MOI) m FRhL cells. 

Spring-Summer Encephalitis (RSSE) viruses), and Hepatitis ^ v / 

C(HCV) viruses. Additional flaviviruses for use as the mG 1 * a S^P 0 a table showing the results of a 

second flavivirus include Kunjin virus, Powassan virus, mouse neuro virulence analysis carried out with a YF/JE 

Kyasanur Forest Disease virus, and Omsk Hemorrhagic 35 chimeric virus of the invention. 

Fever virus. As is discussed further below, the second FIG. 8 is a graph showing the neutralizing antibody 

flavivirus sequences can be provided from two different response of mice immunized with a YF/JE SA 14 -14-2 chi- 

second flaviviruses, such as two Dengue strains. meric vaccine of the invention. Three week old mice were 

It is preferable to use attenuated inserts, for example, in immunized, and samples for testing were taken at 6 weeks, 
the case of inserts from neurotropic viruses, such as JE, 40 FIG. 9A is a graph showing the results of neurovirulence 

MVE, SLE, CEE, and RSSE. In the case of noo-neurotropic testing of YF-VAX® (Yellow Fever 17D vaccine) in 4 week 

viruses, such as dengue viruses, it may be preferable to use old ICR mice by the i.e. route. 

unmodified inserts, from unattenuated strains. Maintenance HG. 9B is a graph showing the results of neurovirulence 

of native sequences in such inserts can lead to enhanced testing of YF/JE SA 14 -14-2 in 4 week old ICR mice by the 

immunogenicity of the proteins encoded by the inserts, 45 { c r0 ute. 

leading to a more effective vaccine FIG. 10 is a set of graphs showing the results of PRNT 

In a preferred chimeric virus of the mvention, the prM-E ^ ^ of neutralizin ^ antib ody titers in mice inoculated 

protein coding sequence of the second flavivirus is subsu- g c ^ ded doses of vaccine Xhe results m ^ 

tuted for the prM-E protein coding sequence of the live graph are 3 weeks post irnmunization, and the results in 

yellow fever virus. Also, as is described further below, the 50 ^ botlom h m 8 weeks ^ 

prM portion of the protein can contain a mutation or « . . e « . . , . . . 

mutations that prevent cleavage to generate mature mem- nG U f a 56065 of . 8«pts showmg the serological 

brane protein responses of mice immunized with a single dose of the live 

Also included in the invention are methods of preventing viruses indicated ™ *** fi S ure " 
or treating flavivirus infection in a mammal, such as a 55 FIG 12 is a set of graphs showing vrremia and GMT of 
human, by administering a chimeric flavivirus of the inven- viremia in 3 rhesus monkeys inoculated with 
lion to the mammal; use of the chimeric flaviviruses of the CHIMERIVAX™-JE (chimeric flavivirus vaccine compris- 
invention in the preparation of medicaments for preventing m 8 Japanese Encephalitis virus prM and E proteins) or 
or treating flavivirus infection; nucleic acid molecules YF-VAX® (Yellow Fever 17D vaccine) by the i.c. route, 
encoding the chimeric flaviviruses of the invention; and 60 FIG- 13 is a graph showing the PRNT neutralizing anti- 
methods of manufacturing the chimeric fla\riviruses of the body titers (50%) in rhesus monkeys 2 and 4 weeks post 
invention. inoculation with a single dose of YF-VAX® (Yellow Fever 

The invention provides several advantages. For example, 17 D vaccine) or CHI MERIVAX™ - JE (chimeric flavivirus 

because they are live and replicating, the chimeric viruses of vaccine comprising Japanese Encephalitis virus prM and E 

the invention can be used to produce long-lasting protective 65 proteins) vaccines by the i.c. route, 
immunity. Also, because the viruses have the replication FIG. 14 is a graph showing the results of neurovirulence 

genes of an attenuated virus (e.g., Yellow Fever 17D), the testing of YF/JE SA 14 -14-2 (E-138 K >mutant). 
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FIG. 15 is a schematic representation of a two plasmid with respect to a YF/JE chimera of the invention, the YF 

system for generating chimeric YF/DEN-2 virus. The strat- NS2 B-3 protease recognition site is maintained in the 

egy is essentially as described for the YF/JE chimeric vims. chimera. Thus, the recognition site for cleavage of the 

FIG. 16 is a schematic representation of the structure of cytosolic from membrane-associated portions of C is 

modified YF clones designed to delete portions of the NS1 5 homologous for the YF NS2B-3 enzyme. At the C/pr-M 

protein and/or express foreign proteins under control of an junction, the portion of the signalase recognition site 

internal ribosome entry site (IRES). The figure shows only upstream of the cleavage site is that of the backbone, YF, and 

the E/NS1 region of the viral genome. A translational stop the portion downstream of the cleavage site is that of the 

codon is introduced at the carboxyl terminus of the envelope insert, JE. At the E/NS1 junction, the portion of the signalase 

(E) protein. Downstream translation is initiated within an io recognition site upstream of the cleavage site is similar to 

intergenic open reading frame (ORF) by IRES-1, driving that of the insert, JE (four of five of the amino acids are 

expression of foreign proteins (e.g., HCV proteins El and/or identical to those of the JE sequence), and the portion 

E2). The second IRES (IRES-2) controls translational ini- downstream of the cleavage site is that of the backbone, YF. 

nation of the YF nonstructural region, in which nested, It is preferable to maintain this or a higher level of amino 

truncated NS1 proteins (e.g., NSldel-1, NSldel-2, or 15 acid sequence identity to the viruses that form the chimera. 

NSldel-3) are expressed. The size of the NS1 deletion is Alternatively, at least 25, 50, or 75% sequence identity can 

inversely proportional to that of the ORF linked to IRES-1. be maintained in the three to five amino acid positions 

nG.17isagraphshowmgmeneurovirulencephenotype flanking the signalase and NS2B-3 protease recognition 

of CHEMERIVAX TM -DEN2 (chimeric flavivirus vaccine sites - ^ possible is the use of any of numerous known 

comprising Dengue 2 virus prM and E proteins) in outbred 20 sequences to link the C and pre-M or E and NS1 

(CD-I) suckling mice inoculated by the I.C. route with proteins of the chimeras (see, e.g., von Heijne, Eur. J. 

10 000 PFU/0 02 ml Biochem. 133:17-21, 1983; von Heijne, J. Mol. Biol. 

nG.lSisagraphshowmgmeneurovirulenc* 184:99-105 1985) or, for example, using the known 

of 17 D vaccine (YF-VAX® (Yellow Fever 17D vaccine) in st ^ m t for T > ^ J° ! . ar | k can K design 

outbred (CD-I) suckling mice inoculated by the I.R route 25 ^onai signal sequences that can be used in the chimeras 

with 1000 PFU/0 02 ml invention. Typically, for example, the signal sequence 

will include as its last residue an amino acid with a small, 

DETAILED DESCRIPTION uncharged side chain, such as alanine, glycine, serine, 

^ . . . n . . , , cysteine, threonine, or glutamine. Other requirements of 

The invention provides chimeric flaviviruses that can be M nces m ^ the ^ (see> von Heijnej 

used in vaccination methods against flavivirus infection. igg3 yQQ ^ } 

Construction and analysis of chimeric flavmruses of the Construction of cDNA Templates for Generation of YF/JE 

invention, such as chimeras of yellow fever virus and Chimeric Virus 

Japanese ^haUtis (re), Dengue types 14 (DEN 1-4), Xhe ^^on of full-length cDNA templates for YF/JE 

Murray Jalley En^phahtis^ (MVE), St. Louis Encephahtis 35 cnimeras of me mventi on described below employed a 

L 8 ^^^ strategysiniflartothate^ 

Hepatitis C(HCV) viruses are described as follows. 17D fom cDNA for molecular genetic analysis of YF 

Flavivirus proteins are produced by translation of a single, replication. The strategy is described, e.g., by Nestorowicz 

long open reading frame (encoding, La., the structural et ^ (Virology 199:114-123, 1994). 

proteins, capsid (C), pre-membrane (pr-M), and envelope 40 Briefly, derivation of a YF/JE chimera of the invention 

(E), as well as non-structural proteins (e.g., NS1)) and a involves the following. YF genomic sequences are propa- 

complex series of post-translational proteolytic cleavages. gated i n two plasmids (YF5'3'IV and YFM5.2), which 

The chimeric flaviviruses of the invention, as is discussed encode the YF sequences from nucleotides 1-2,276 and 

above, include those in which the pr-M and E proteins of one 8,279-10,861 (YFS^TV) and from l,373-£,704 (YFM5.2) 

flavivirus (yellow fever virus) have been replaced by the 45 (Rice et al, Hie New Biologist 1:285-296, 1989). Full- 

pr-M and E proteins of another flavivirus. Thus, creation of lengtn C DNA templates are generated by ligation of appro- 

these chimeric flaviviruses involves the generation of novel pr i a te restriction fragments derived from these plasmids. 

junctions between the capsid and pre-membrane protein, and This method has been the most reliable for ensuring stable 

the envelope protein and the non-structural region (NS1), of expression of YF sequences and generation of RNA tran- 

two different flaviviruses. 50 scripts of high specific infectivity. 

Cleavage between C/pr-M and E/NS1 occurs during the Our strategy for construction of chimeras involves 

natural proteolytic processing of flavivirus proteins, and replacement of YF sequences within the YF5'3'IV and 

requires the presence of signal peptidase, or signalase, YFM5.2 plasmids by the corresponding JE sequences from 

recognition sequences flanking the junctions of the cleavage the start of the prM protein (nucleotide 478, amino acid 128) 

sites. Cleavage at the signalase recognition sites is mediated 55 through the E/NS1 cleavage site (nucleotide 2,452, amino 

by host cell signalase. Cleavage by viral NS2B-3 protease in acid 817). In addition to cloning of JE cDNA, several steps 

the carboxyl one third of the C protein is required for were required to introduce or eliminate restriction sites in 

separation of the cytoplasmic and membrane-anchored por- both the YF and JE sequences to permit in vitro ligation. The 

tions of the C protein and influences efficiency of cleavage structure of the template for regenerating chimeric YF 

by signalase at the C/pr-M site (Stocks et al., J. Virol. 60 (Q/TE (prM-E) virus is shown in FIG. 2. A second chimera, 

72(3):2141-2149, 1998; also see FIG. 1). encoding the entire JE structural region (C-prM-E) was 

In the chimeric flaviviruses of the invention, it is preferred engineered using a similar strategy, 

that the signalase recognition sites, NS2B-3 protease recog- Molecular Cloning of the JE Virus Structural Region 

nition site, and cleavage sites of the viruses making up the Clones of authentic JE structural protein genes were 

chimeras are substantially maintained, so that proper cleav- 65 generated from the JE SA 14 -14-2 strain (JE live, attenuated 

age between the C and pr-M and E and NS1 proteins can vaccine strain), because the biological properties and 

efficiently take place. For example, as is shown in FIG. 1, molecular characterization of this strain are well- 
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documented (see, e.g., Eckels et al., Vaccine 6:513-518, Engineering YFM5.2 and YF5 ! 3 ! IV to Contain Restriction 

1988; JE SA 14 -14-2 virus is available from the Centers for Sites for In Vitro Ligation 

Disease Control, Fort Collins, Colo, and the Yale Arbovirus To use the Nhel site within the JE envelope sequence as 

Research Unit, Yale University, New Haven, Conn., which a 5' in vitro ligation site, a redundant Nhel site in the 

are World Health Organization-designated Reference Cen- 5 YFM5.2 plasmid (nucleotide 5,459) was eliminated. This 

ters for Arboviruses in the United States). JE SA 14 -14-2 was accomplished by silent mutation of the YF sequence at 

virus at passage level PDK-5 was obtained and passaged in nucleotide 5,461 (T— C; alanine, amino acid 1820). This site 

IXC-MI^ cells to obtain sufficient amounts of virus for was ^jp^d into YFM5.2 by ligation of appropriate 

cDNA c oning. The strategy used involved cloning the restriction fagments and introduced into YFM5.2(NarI)/JE 

^ CtUr ? ^ 0 ?fo^° P ^ ^^P^^ 1 ^ io by exchange of an Nsil/Narlfra^ 

{JE nucleotide 1,125), which can then be used for in vitro 

>. . ' YF/JE sequence. 

8 RNA was extracted from monolayers of infected LLC- J° ™*? a 3 ' ^taction site for in vitro ligation, 

MIC cells and first strand synthesis of negative sense cDNA a ate ™» engineered downstream of the Aatll site 

was carried out using reverse transcriptase with a negative normally used to generate full-length templates from 

sense primer (JE nucleotide sequence 2,456-71) containing 15 YF53'IV and YFM5.2. (Multiple Aatll sites are present in 

nested Xbal and Narl restriction sites for cloning initially me ^ structural sequence, precluding use of this site for in 

into pBhiescript II KS(+), and subsequently into YFM5.2 vitro ligation.) The BspEI site was created by silent mutation 

(Narf), respectively. First strand cDNA synthesis was fol- of YF nucleotide 8,581 (A->C; serine, amino acid 2,860), 

lowed by PCR amplification of the JE sequence from and was introduced into YFM5.2 by exchange of appropriate 

nucleotides 1,108-2,471 using the same negative sense 20 restriction fragments. The unique site was incorporated into 

primer and a positive sense primer (JE nucleotides sequence YFM5.2/JE by exchange of the Xbal/Sphl fragment, and 

1,108-1,130) containing nested Xbal and Nsil restriction into the YF53TV/JE(prM-E) plasmids by three-piece liga- 

sites for cloning into pBluescript and YFM5.2(NarI), respec- tion of appropriate restriction fragments from these parent 

tively. JE sequences were verified by restriction enzyme plasmids and from a derivative of YFM5.2 (BspEI) deleting 

digestion and nucleotide sequencing. The JE nucleotide 25 the YF sequence between the EcoRI sites at nucleotides 1 

sequence from nucleotides 1 to 1,130 was derived by PCR and 6,912. 

amplification of negative strand JE cDNA using a negative Exchange of JE Nakayama cDNA into YF/JE Chimeric 

sense primer corresponding to JE nucleotides 1,116 to 1,130 Plasmids 

and a positive sense primer corresponding to JE nucleotides Because of uncertainty about the capacity of the PCR- 

1 to 18, both containing an EcoRI restriction site. PCR 30 derived JE SA 14 -14-2 structural region to function properly 

fragments were cloned into pBluescript and JE sequences in the context of the chimeric virus, we used cDNA from a 

were verified by nucleotide sequencing. Together, this rep- clone of the JE Nakayama strain that has been extensively 

resents cloning of the JE sequence from nucleotides 1—2,471 characterized in expression experiments and for its capacity 

(amino acids 1—792). to induce protective immuni ty (see, e.g., Mclda et al., 

Construction of YF53TV/JE and YFM5.2/JE Derivatives 35 Virology 158:348-360, 1987; the JE Nakayama strain is 

To insert the C terminus of the JE envelope protein at the available from the Centers for Disease Control, Fort Collins, 

YF E/NS1 cleavage site, a unique Narl restriction site was Colo., and the Yale Arbovirus Research Unit, Yale 

introduced into the YFM5.2 plasmid by oligonucleotide- University, New Haven, Conn.). The Nakayama cDNAwas 

directed mutagenesis of the signalase sequence at the E/NS inserted into the YF/JE chimeric plasmids using available 

1 cleavage site (YF nucleotides 2,447-2,452, amino acids 40 restriction sites (Hindlll to PvuH and Bpml to Muni) to 

816-817) to create YFM5.2(NarI). Transcripts derived from replace the entire prM-E region in the two plasmid system 

templates incorporating this change were checked for infec- except for a single amino acid, serine, at position 49, which 

tivity and yielded a specific infectivity similar to the parental was left intact in order to utilize the Nhel site for in vitro 

templates (approximately 100 plaque-forming units/250 ligation. The entire JE region in the Nakayama clone was 

nanograms of transcript). The JE sequence from nucleotides 45 sequenced to verify that the replaced cDNA was authentic 

1,108 to 2,471 was subcloned from several independent (Table 1). 

PCR-derived clones of pBluescript/JE into YFM5.2(NarI) Generation of Full-Length cDNA Templates, RNA 

using the unique Nsil and Narl restriction sites. YF5*3'IV/JE Transfection, and Recovery of Infectious Virus 

clones containing the YF 5' untranslated region (nucleotides Procedures for generating full-length cDNA templates are 

1-118) adjacent to the JE prM-E region were derived by 50 essentially as described in Rice et al. £The New Biologist 

PCR amplification. 1:285-96, 1989; also see FIG. 2). In the case of chimeric 

To derive sequences containing the junction of the YF templates, the plasmids YF53TV7JE(prM-E) and YFM5.2/ 

capsid and JE prM, a negative sense chimeric primer span- JE are digested with Nhel/BspEI and in vitro ligation is 

ning this region was used with a positive sense primer performed using 50 nanograms of purified fragments in the 

corresponding to YF5*31V nucleotides 6,625-6,639 to gen- 55 presence of T4 DNA ligase. The ligation products are 

erate PCR fragments that were then used as negative sense linearized with Xhol to allow run-off transcription. SP6 

PCR primers in conjunction with a positive sense primer transcripts are synthesized using 50 nanograms of purified 

complementary to the pBluescript vector sequence upstream template, quantitated by incorporation of 3 H-UTP, and integ- 

of the EcoRI site, to amplify the JE sequence (encoded in rity of the RNA is verified by non-denaturing agarose gel 

reverse orientation in the pBhiescript vector) from nucle- 60 electrophoresis. Melds range from 5 to 10 micrograms of 

otide 477 (N-terminus of the prM protein) through the Nhel RNA per reaction using this procedure, most of which is 

site at nucleotide 1,125. The resulting PCR fragments were present as full-length transcripts. Transfection of RNA tran- 

inserted into the YF5*3'I V plasmid using the NotI and EcoRI scripts in the presence of cationic liposomes is carried out as 

restriction sites. This construct contains the SP6 promoter described by Rice et al. (supra) for YF 17D. In initial 

preceding the YF 5'-un translated region, followed by the 65 experiments, LLC-MK^ cells were used for transfection and 

sequence: YF (Q JE (prM-E), and contains the Nhel site (JE quantitation of virus, since we have determined the permis- 

nucleotide 1,125) required for in vitro ligation. siveness for replication and plaque formation of the parental 
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strains of YF and JE. Table 2 illustrates typical results of including the parental strain (SA14), demonstrated that 

transfection experiments using lipofectin (GIBCO/BRL) as differences between RMS and SA 14 -14-2 sequence may be 

a transfection vehicle. Vero cell lines have also been used due to errors in the original analysis of the SA 14 -14-2 

routinely for preparation of infectious virus stocks, charac- sequence. 

terization of labeled proteins, and neutralization tests. 5 Structural and Biological Characterization of Chimeric 

Amplification products from Vero cells were sent to the YF/JE Viruses 
FDA (CBER) for preparation of the RMS in diploid, fetal The genomic structure of chimeric YF/JE viruses recov- 

rhesus lung cells. Fetal rhesus lung cells were received from ered from transfection experiments was verified by RT/PCR- 

the ATCC as cultured cells and were infected with YF/JE based analysis of viral RNA harvested from infected cell 

SA 14 -14-2 (clone A-l) at an MOI of 1.0. After 1 hour of io monolayers. These experiments were performed to eliminate 

incubation at 37° C, the inoculum was aspirated and the possibility that virus stocks were contaminated during 

replaced with 50 ml of EMEM, containing 2% FBS. Virus transfection procedures. For these experiments, first-pass 

was harvested 78 hours later, aliquoted into 1 ml vials (a virus was used to initiate a cycle of infection, to eliminate 

total of 200 vials) and frozen at -70° C. Virus titers were any possible artifacts generated by the presence of residual 

determined in Vero, LLC MK2, and CV-1 cells using a 15 transfected viral RNA. Total RNA extracts of cells infected 

standard plaque assay. Titers (pfu/ml) were 1.6xl0 6 in Vero with either the YF/JE (prM-E)-SA 14 -14-2 or YF/JE (prM- 

cells, 1.25x10 s in LLC MK2 cells, and 1.35x10 s in CV-1 E>Nakayama chimera were subjected to RT/PCR using YF 

cells. and JE-specific primers that allowed recovery of the entire 

Nucleotide Sequencing of Chimeric cDNA Templates structural region as two PCR products of approximately 1 

Plasmids containing the chimeric YF/JE cDNA were 20 kilobase in size. These products were then analyzed by 

subjected to sequence analysis of the JE portion of the clones restriction enzyme digestion using the predicted sites within 

to identify the correct sequences of the SA 14 -14-2 and the JE SA 14 -14-2 and Nakayama sequences that allow 

Nakayama envelope protein. The nucleotide sequence dif- differentiation of these viruses. Using this approach, the 

ferences between these constructs in comparison to the viral RNA was demonstrated to be chimeric and the recov- 

reported sequences (McAda et aL, supra) are shown in Table 25 ered viruses were verified to have the appropriate restriction 

1. sites. The actual C-prM boundary was then verified to be 

Five amino acid differences at positions 107, 138, 176, intact at the sequence level by cycle sequence analysis 

264, and 279 separate the virulent from the attenuated strains across the chimeric YF/JE C-prM junction, 
of JE virus. Amino acid differences map to three subregions The presence of the JE envelope protein in the two 

of Domains I and II of the flavivirus E protein model (Rey 30 chimeras was verified by both immunoprecipitation with 

et al., Nature 375:291-298, 1995). These include the puta- JE-specific antisera and by plaque reduction neutralization 

tive fusion peptide (position 107), the hinge cluster testing using YF and JE-specific antisera. Immunoprecipi- 

(positions 138, 279), the exposed surface of Domain I tation of 35 S-labeled extracts of LLC-MK^ cells infected 

(positions 176 and 177), and the alpha-helix located in the with the chimeras using a monoclonal antibody to the JE 

dimerizatioQ Domain 0 (position 264). Changes at position 35 envelope protein showed that the JE envelope protein could 

107, 138, 176, and 279 were selected early in the passage be recovered as a 55 kDa protein, while the same antisera 

history, resulting in attenuation of JE SA 14 -14-2, and failed to immunoprecipitate a protein from YF-infected 

remained stable genetic differences from the SA 14 -14-2 cells. Both JE and YF hyperimmune sera demonstrated 

parent (Ni et al., J. Gen. ViroL 75:1505-1510, 1994), cross-reactivity for the two envelope proteins, but the size 

showing that one or more of these mutations are critical for 40 difference between the proteins (YF=53 kDa, unglycosy- 

the attenuation phenotype. The changes at positions 177 and lated; JE=55 kDa, glycosylated) could reproducibly be 

264 occurred during subsequent passage, and appear to be observed. Use of YF monoclonal antibodies was not satis- 

genetically unstable between two SA 14 -14-2 virus passages factory under the immunoprecipitation conditions, thus, the 

in PHK and PDK cells, showing that this mutation is less specificity was dependent on the JE monoclonal antibodies 

critical for attenuation. 45 in this analysis. 

The nucleotide sequence of the E protein coding region of Plaque reduction neutralization testing (PRNT) was per- 
the RMS was determined to assess potential sequence van- formed on the chimeric viruses and the YF and JE SA 14 - 
ability resulting from viral passage. Total RNA was isolated 14-2 viruses using YF and JE-specific hyperimmune ascitic 
from RMS-infected Afero cells, reversed transcribed, and fluid (ATCC) and YF-specific purified IgG (monoclonal 
PCR amplified to obtain sequencing templates. Several 50 antibody 2E10). Significant differences in the 50% plaque 
primers specific for SA 14 -14-2 virus were used in individual reduction titer of these antisera were observed for the 
sequencing reactions and standard protocols for cycle chimeras when compared to the control viruses in these 
sequencing were performed. experiments (Table 3). The YF/JE SA 14 -14-2 chimeric vac- 
Sequence data revealed two single nucleotide mutations cine candidate, as well as the Nakayama chimera and 
in the RMS E protein, when compared to the published 55 SA 14 -14-2 viruses, were neutralized only by JE ascitic fluid, 
SA4-14-2 JE strain sequence data. The first mutation is whereas YF17D was neutralized in a specific fashion by YF 
sflent,andmapstoammoacidr»sition4(CTrtoCTG);the ascites and the monoclonal antibody (Table 3). Thus, 
second is at amino acid position 243 (AAA to GAA) and epitopes required for neutralization are expressed in the 
introduces a change from lysine to glutamic acid. Both infectious chimeric YF/JE viruses, and are specific for the JE 
mutations identified are present in the sequence of the JE 60 virus. 

wild type strains Nakayama, SA14 (parent of SA 14 -14-2), Growth Properties in Cell Culture 

and JaOArS982 (Sumiyoshi et al., J. Infect. Dis. The growth capacity of the chimeras has been examined 

171:1144-1151, 1995); thus, they are unlikely to contribute quantitatively in cell lines of both primate and mosquito 

to virulence phenotype. origin. FIG. 3 illustrates the cumulative growth curves of the 

We conclude that in vitro passage in FRhL cells to obtain 65 chimeras on LLC-MK^ cells after low multiplicity infection 

the RMS did not introduce unwanted mutations in the E (0.5 plaque-forming units/cell). In this experiment, YF5.2iv 

protein. Sequence comparison to wild-type JE virus strains, (cloned derivative) and JE SA 14 -14-2 (uncloned) viruses 
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were used for comparison. Both chimeric viruses reached a 
maximal virus yield of approximately one log higher than 
either parental virus. In the case of the YF/JE SA 14 -14-2 
chimera, the peak of virus production occurred 12 hours 
later than the YF/JE Nakayama chimera (50 hours vs. 38 5 
hours). The YF/JE Nakayama chimera exhibited consider- 
ably more cytopathic effects than the YF/JE SA 14 -14-2 
chimera on this cell line. 

A similar experiment was carried out in C6136 cells after 
low multiplicity infection (0.5 plaque-forming units/cell). 1Q 
FIG. 3 also illustrates the growth kinetics of the viruses in 
this invertebrate cell line. Similar virus yields were obtained 
at all points used for virus harvest in this experiment, further 
substantiating the notion that chimeric viruses are not 
impaired in replication efficiency. 

Additional experiments showing the growth properties of 15 
RMS are shown in FIG. 4. Briefly, Vera cells were grown in 
EMEM, 1% L-Glutamine, 1% non-essential amino acid, and 
10% FBS buffered with sodium bicarbonate. LLC-MK2 
cells were purchased from the ATCC (CLL-7.1, passage 12) 
and were grown in the same medium as Vero cells. Cells 20 
were inoculated with the RMS virus at an MOI of 0.1. 
Supernatant fluid was sampled at 24 hour intervals for 7 days 
and frozen at -70° C. for subsequent plaque assay. Plaque 
assays were performed in 6-well plates. The RMS reached 
more than 8 log 10 pfu/ml in 5 days. In LLC-MK2 cells, the 25 
RMS grew slower and peaked (6 log 10 pfu/ml) at about 6 
days. 

Comparison of Growth Kinetics of the RMS (YF/JE SA^ 
14-2) with YF 17D Vaccine in MRC-5 Cells 

An experiment was performed to assess the ability of the 30 
vaccine candidate to propagate in a cell line acceptable for 
human vaccines. Commercial Yellow Fever 17D vaccine 
(YF-VAX® (Yellow Fever 17D vaccine)) was obtained from 
Connaught Laboratories, Swifrwater, PA MRC-5 (diploid 
human embryonal lung cells) were purchased from ATCC 35 
(171-CCL, Batch#: F-14308, passage 18) and grown in 
EMEM, 2 mM L-Gln, Earle's BSS adjusted to contain 1.5 
g/L sodium bicarbonate, 0.1 mM non-essential amino acids, 
and 10% FBS. 

To compare growth kinetics of RMS (sequence appendi- 40 
ces 2 (SEQ ID NO: 12) and 3 (SEQ ID NO: 13); Research 
Master Seed, YF/JE SA 14 -14-2; nucleotide sequence of 
ORF: CL nucleotides 119-421; Pr-M: nucleotides 422-982; 
E: nucleotides 983-2482; and non-structural proteins: 
2483-10381); (amino acid sequence of ORF; C: amino acids 45 
1-101; Pr-M: amino acids 102-288; E: amino acids 
289-788; and non-structural proteins: amino acids 
789-3421); (nucleotide sequence of RMS; the coding 
sequence is from nucleotide 119 to nucleotide 10382)) with 
YF-VAX® (Yellow Fever 17D vaccine), cells were grown to 50 
90% confluency and infected with RMS or YF-VAX® 
(Yellow Fever 17D vaccine) at an MOI of 0.1 pfu. Since 
MRC-5 cells generally grow slowly, these cells were kept 
for 10 days post inoculation. Samples were frozen daily for 
7-10 days and infectivity determined by plaque assay in 55 
Vero cells. YF-VAX® (Yellow Fever 17D vaccine) and the 
YF/JE chimera grew to modest titers in MRC-5 cells (FIG. 
5). The peak titer was -4.7 log 10 pfu for YF-VAX® (Yellow 
Fever 17D vaccine) achieved on the propagate in a cell line 
acceptable for human vaccines. Commercial Yellow Fever 60 
17D vaccine (YF-VAX® (Yellow Fever 17D vaccine) was 
obtained from Connaught Laboratories, Swifrwater, Pa. 
MRC-5 (diploid human embryonal lung cells) were pur- 
chased from ATCC (171-CCL, Batch#: F-14308, passage 
18) and grown in EMEM, 2 mM L-Gln, Earle's BSS 65 
adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM 
non-essential amino acids, and 10% FBS. 
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To compare growth kinetics of RMS (sequence appendi- 
ces 2 and 3; Research Master Seed, YF/JE SA 14 -14-2; 
nucleotide sequence of ORF; C: nucleotides 119-421; Pr-M 
second day and was slightly lower, 4.5 log 10 pfu, for the 
RMS after 6 days. 

Growth Curve of YF/JE SA 14 -14-2 in FRhL Cells With and 
Without IFN-inhibitors 

Fetal rhesus lung cells were obtained from the ATCC and 
propagated as described for MRC-5 cells. Growth kinetics 
of the RMS were determined with and without interferon 
inhibitors. 

Double-stranded RNA appears to be the molecular species 
most likely to induce interferon (I FN) in many virus infected 
cells. Induction of interferon apparently plays a significant 
role in the cellular defense against viral infection. To escape 
cellular destruction, many viruses have developed strategies 
to down-regulate induction of interferon-dependent activi- 
ties. Sindbis vims and vesicular stomatitis virus have been 
shown to be potent IFN inducers. Using chick embryo cells, 
mouse L cells, and different viral inducers of IFN, it was 
shown that 2-aminopurine (2AP) and indomethacin (IM) 
efficiently and reversibly inhibit IFN action (Sekellick et aL, 
J. Interferon Res. 5:651, 1985; Marcus et aL, J. Gen. Virol. 
69:1637, 1988). 

To test whether inhibition of IFN (if present) in FRhL 
cells will increase the virus yield, we added 2AP at a 
concentration of 10 mM or IM at a concentration of 10 
mg/ml to the FRhL cells at the time of infection with 0.1 or 
0.01 MOI of RMS. Samples were taken daily and frozen for 
determination of virus infectivity by plaque assay. As shown 
in FIG. 6A, virus titers peaked on day 4 in the presence or 
absence of inhibitors. When cells were infected at 0.01 MOI 
(FIG. 6A), virus titer reached 2.65xl0 7 pfu/ml on day 4 in 
the absence of inhibitors. In cells infected in the presence of 
IM, virus titer was increased about 2-fold, to 5.95xl0 7 
pfu/ml on day 4. This increase was more dramatic (4-fold) 
when 2AP was used (9.7xl0 7 pfu/ml). Addition of IM did 
not increase virus yield when cells were infected at a higher 
MOI (0.1). A titer of 5.42xl0 7 was reached without inhibitor 
and 3.45xl0 7 was achieved in the presence of IM. Addition 
of 2AP increased virus yields to 1.1x10^ pfu/ml by day 4 and 
only 1 log 10 pfu was lost in the following 3 days (9.5xl0 6 
pfu/ml on day 7) (FIG. 6B). We conclude from this experi- 
ment that the YF/JE SA 14 -14-2 vaccine candidate replicates 
to titers of -7.5 log 10 /ml in an acceptable cell substrate. The 
addition of interferon inhibitors can result in a modest 
increase in yields, but is not a requirement for vaccine 
production. 

Neurovirulence Testing in Normal Adult Mice 

The virulence properties of the YF/JE SA 14 -14-2 chimera 
was analyzed in young adult mice by intracerebral inocula- 
tion. Groups of 10 mice (4 week old male and female ICR 
mice, 5 each per group) were inoculated with 10,000 plaque- 
forming units of the YF/JE SA 14 -14-2 chimera, YF 17D 5.2 
iv, or the Chinese vaccine strain JE SA 14 -14-2 and observed 
daily for 3 weeks. The results of these experiments are 
illustrated in FIG. 7. Mice receiving the YF5.2 iv parent 
succumbed by approximately one week post-inoculation. No 
mortality or illness was observed among mice receiving 
either the JE SA 14 -14-2 parent or the chimera. The inocula 
used for the experiments were titered at the time of injection 
and a subgroup of the surviving mice were tested for the 
presence of neutralizing antibodies to confirm that infection 
had taken place. Among those tested, titers against the JE 
SA 14 -14-2 virus were similar for animals receiving either 
this strain or the chimera. 

The results of additional experiments investigating the 
neurovirulence of the YF/JE SA 14 -14-2 chimera in mice are 
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illustrated in Table 4. In these experiments, all of the mice 
inoculated with YF5.2iv died within 7-8 days. In contrast, 
none of the mice inoculated with YF/TE SA 14 -14-2 died 
during two weeks of post-inoculation observation. 

The results of experiments investigating the neuroinva- 5 
siveness and pathogenesis of YF/JE chimeras are illustrated 
in Table 5. In these experiments, the chimeric viruses were 
inoculated into 3 week old mice at doses varying between 
10,000 and 1 million plaque-forming units via the intrap- 
eritoneal route. None of the mice inoculated with YF/JE 10 
Nakayama or YF/TE SA 14 -14-2 died during three weeks of 
post-inoculation observation, indicating that the virus was 
incapable of causing illness after peripheral inoculation. 
Mice inoculated with YF/JE SA 14 -14-2 developed neutral- 
izing antibodies against JE virus (FIG. 8). 15 

In additional experiments testing the neuro virulence pbe- 
notype and immunogenicity of the RMS, 4-week old ICR 
mice (n=5) were inoculated by the i.c. route with 0.03 ml of 
graded doses of the RMS or YF-VAX® (Yellow Fever 17D 
vaccine) (Table 6). Control mice received only diluent 20 
medium by this route. Mice were observed daily and mor- 
tality rates were calculated 

Mice inoculated with YF-VAX® (Yellow Fever 17D 
vaccine) started to die on day 7 (FIG. 9A). The icLD 50 of 
unpassaged YF-VAX® (Yellow Fever 17D vaccine), calcu- 25 
lated by the method of Reed and Muench, was 1.62 log 10 
and the average survival time (AST) at the highest dose (4.2 
log 2 pfu) was 8.8 days. In contrast, all mice receiving the 
RMS survived challenge at all doses (FIG. 9B), indicating 
that the virus is not neurovirulent for mice. None of the mice 30 
inoculated with YF-VAX® (Yellow Fever 17D vaccine) or 
the RMS by the peripheral (subcutaneous) route (as shown 
in Table 6) showed signs of illness or death. Thus, as 
expected, yellow fever 17D virus was not neuroinvasive. 
Comparison of Immunogenicity of YF/JE RMS with YF 35 
17D Vaccine 

The immunogenicity of the of the RMS was compared 
with that of the YF 17D vaccine in outbred ICR mice. 
Groups of five 4 week-old mice received graded doses of the 
vaccines shown in Table 6. Mice were inoculated with 100 40 
jd of each virus dilution by the s.c. route. For comparison, 
two groups of mice received two weekly doses of commer- 
cial inactivated JE vaccine prepared in mouse brain tissue 
(JE-VAX® (inactivated Japanese Encephalitis virus 
vaccine)) at 1:30 and 1:300 dilution, representing lOx and 45 
Ix the human equivalent dose based on body weight, 
respectively. Animals were bled 3 and 8 weeks later and 
neutralizing antibody titers were measured in heat- 
inactivated sera against homologous viruses by PRNT. End- 
point titers were the highest dilution of sera which reduced 50 
the number of viral plaques by 50% compared to a normal 
mouse serum control 

The highest N antibody titers were observed 8 weeks after 
immunization in mice receiving 5 log 10 pfu of the RMS 
(FIG. 10 and Table 7). The geometric mean N antibody titer 55 
in these mice was 5,614. N antibody responses induced by 
YF/JE SA 14 -14-2 vaccine against JE were higher than N 
antibody responses against YF induced by YF 17D vaccine. 
Interestingly, the highest concentration of the YF 17D vac- 
cine did not induce significant titers of neutralizing antibod- 60 
ies 3 or 8 weeks post immunization, but antibodies were 
elicited at lower doses. 

Very low doses (1.4-2.4 log 10 PFU) of YF 17D vaccine 
elicited an immune response in mice 8 weeks after inocu- 
lation (Table 7). This result may indicate delayed replication 65 
of the vaccine in mice receiving low virus inocula. In 
contrast, the YF/JE SA 14 -14-2 chimeric vaccine in this dose 
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range was not immunogenic. It is likely that the chimeric 
vaccine is somewhat less infectious for mice than YF 17D. 
However, when inoculated at an infective dose, the chimera 
appears to elicits a higher immune response. This may be 
due to higher replication in, or altered tropism for, host 
tissues. Animals that received two doses of JE-VAX® 
(inactivated Japanese Encephalitis virus vaccine) did not 
mount a significant antibody response. Only one animal in 
the 1:30 dose group developed a neutralizing titer of 1:10 
eight weeks after immunization. This might be due to the 
route (sx.) and dilution (1:30) of the vaccine. 
Protection of YF/JE SA 14 -14-2 RMS Immunized Mice 
Against Challenge With Virulent JE 

The YF/JE SA 14 -14-2 RMS and other viruses were evalu- 
ated for immunogenicity and protection in C57/BL6 mice in 
collaboration with Dr. Alan Barrett, Department of 
Pathology, University of Texas Medical Branch, Galveston. 
Experimental groups are shown in Table 8. Ten-fold dilu- 
tions (10^-Hr) of each virus were inoculated by the s.c. 
route into groups of 8 mice. Mice were observed for 21 days, 
at which time surviving animals were bled from the retro- 
orbital sinus and serum frozen for neutralization tests. The 
50% immunizing dose (ID^) for each virus and GMT was 
determined (see below). 

Surviving mice that received viruses by the s.c. route were 
challenged on day 28 by i.p. inoculation of 158 LD 50 (2,000 
PFU) of JE virus (JaOArS982, IC37). Animals were 
observed for 21 days following challenge. Protection is 
expressed as the proportion of mice surviving challenge 
(Table 9). 

As expected, YF 17D virus afforded minimal cross- 
protection against JE challenge. The YF/JE SA 14 -14-2 RMS 
chimera was protective at doses ^lO 3 PFU. The 50% 
protective dose of the chimeric vaccine was 232 log 10 PFU. 
Animals that received-3 doses of JE-VAX® (inactivated 
Japanese Encephalitis virus vaccine) were solidly protected 
against challenge. Mice given a single dose of the SA 14 -14-2 
vaccine were poorly protected. Wild -type Nakayama virus 
was lethal for a proportion of animals, in a dose-dependent 
fashion; survivors were poorly protected against challenge 
indicating that the lethal dose was close to the infecting dose 
for this virus. 

The ^HWE> Nakayama chimeric virus was somewhat more 
virulent than the Nakayama strain, in that all mice given 10 s 
of the chimera died after inoculation. This is in contrast to 
earlier studies in outbred mice, in which this virus was not 
neuroinvasive, confirming the increased susceptibility of 
C57/BL6 mice to peripheral challenge with JE viruses. 
Survivors were fully protected against challenge, showing 
that the infection established by the chimeric virus was more 
active (immunogenic) than infection by Nakayama virus 
without the YF replication background. These results show 
that the combination of viral envelope determinants of a 
neurovirulent strain (Nakayama) with a replication-efficient 
virus (YF 17D) can enhance virulence of the recombinant, 
emphasizing the need for genetic stability of the mutations 
conferring attenuation in the YF/JE# akayama chimera. 
Serological Response 

Sera from mice in groups shown in Table 8 were tested 21 
days after immunization for neutralizing antibodies. N tests 
were performed as follows. Six-well plates were seeded with 
Vero cells at a density of 10 6 cells/well in MEM alpha 
containing 10% FBS, 1% nonessential amino acids, buffered 
with sodium bicarbonate. One hundred fA of each test serum 
(inactivated at 60° C. for 30 minutes) diluted two-fold was 
mixed with an equal volume of virus containing 200-300 
PFU. The virus-serum mixtures were incubated at 4° C. 
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overnight and 100 p\ added to each well after removal of the inoculated viruses. The level of neutralizing antibodies 

growth medium. The plates were overlaid after 1 hour in 2 of 3 monkeys in both groups exceeded a titer of 1:6,400 

incubation at 37° C. with 0.6% agarose containing 3% fetal (the last dilution of sera tested) at 4 weeks post inoculation, 

calf serum, 1% L-glutamine, 1% HEPES, and 1% pen-strep- The geometric mean antibody titers for CHLMERTVAX™- 

amphotericin mixed 1:1 with 2xM199. After 4 days of 5 JE (chimeric flavi virus vaccine comprising Japanese 

incubation at 37° C, 5% CO^ a second overlay containing Encephalitis virus prM and E proteins) were 75 and 3,200 

3% Neutral red was added. After appearance of plaques, the after 2 and 4 weeks respectively and were 66 and 4971 for 

monolayer was fixed with 1% formaldehyde and stained the YF-VAX®(Yellow Fever 17D vaccine) for the same time 

with crystal violet. The plaque reduction titer determined points (Table 11). 

as the highest dilution of serum inhibiting ^50% of plaques 10 Histopathological examination of coded specimens of 

compared with the diluent-virus control. brain and spinal cord were performed by an expert neuro- 

Results are shown in Table 10 and FIG. 11. NT antibody pathologist (Dr. 1. Levenbook, previously CBER/FDA), 

responses in mice immunized with the YF/JE SA 14 -14-2 according to the WHO biological standards for yellow fever 

chimera showed a dose response and good correlation with vaccine. There were no unusual target areas for histopatho- 

protection. At doses of 4-5 logs, the chimeric vaccine 15 logical lesions in brains of monkeys inoculated with 

elicited higher N antibody responses against JE than either CI RM ERI VAX™ -JE (chimeric flavi virus vaccine compris- 

SA 14 -14-2 virus or wild-type Nakayama virus. Responses ing Japanese Encephalitis virus prM and E proteins). Mean 

were superior to those elicited by YF- VAX® (Yellow Fever lesion scores in discriminator areas were similar in monkeys 

17D vaccine) against YF 17D virus. No prozone effect was inoculated with YF-VAX®(Yellow Fever 17D vaccine) 

observed in animals receiving the chimera or infectious- 20 (0.08) and monkeys inoculated with a 100-fold higher dose 

clone derived YF 5.2iv; responses at the highest vaccine of CHIMERTVAX™ -JE (chimeric flavivirus vaccine com- 

dose (5 logs) were higher than at the next lower dose (4 prising Japanese Encephalitis virus prM and E proteins) 

logs). In contrast, mice that received SA 14 -14-2, Nakayama, (0.07). Mean lesion scores in discriminator+target areas 

and YF-VAX® (Yellow Fever 17D vaccine) at the highest were higher in monkeys inoculated with YF- VAX® (Yellow 

dose responded less well than animals inoculated with 25 Fever 17D vaccine) (039) than in monkeys inoculated with 

diluted virus. a 100-fold higher dose of CHIMERIVAX™-JE (chimeric 

Safety and Immunogenicity of CHIMERIVAX™-JE flavivirus vaccine comprising Japanese Encephalitis virus 

(Chimeric Flavivirus Vaccine Comprising Japanese prM and E proteins) (0.11). These preliminary results show 

Encephalitis Virus prM and E Proteins) in Monkeys an acceptable neuro virulence profile and immunogenicity 

The safety of RMS was tested in monkeys, essentially as 30 for CHI MERTVAX™ - JE (chimeric flavivirus vaccine corn- 
described in WHO Biological Standards for YF 17D vaccine prising Japanese Encephalitis virus prM and E proteins) 
with minor modifications (see below). Two groups (N-3) of vaccine. A summary of the histopathology results is pro- 
rhesus monkeys were bled and shown to be free from HI vided in Table 22. 

antibodies to YF, JE, and SLE. Group 1 received undiluted Efficacy of YF/JE Chimera in Protecting Monkeys Against 

CHIMERIVAX™ -JE (chimeric flavivirus vaccine compris- 35 Intracerebral Challenge 

ing Japanese Encephalitis virus prM and E proteins) (LLC The YF/JE chimera were given to adult rhesus monkeys 

MK2-P I, Vero-1 passage after transfection) by the I.C. route without pre-existing flavivirus immunity by the subcutane- 

( frontal lobe). Group 2 (N=3) received 0.25 ml of 1:10 ous route. Three monkeys received 43 log pfu and three 

diluted commercial YF 17D vaccine (YF-VAX® (Yellow monkeys received 53 log pfu of YF/JE SA 14 -14-2 virus. All 

Fever 17D vaccine)) by the same route. The virus inocula 40 6 monkeys developed very low level (1-2 log/ml) viremias. 

were frozen, back titrated, and shown to contain 7.0 and 5.0 All animals developed neutralizing antibodies by day 15 

log 10 pfu/0.25 ml of YF/JE SA 14 -14-2 and YF-VAX® (earliest time tested) and titers rose by day 30. Five of six 

(Yellow Fever 17D vaccine), respectively. animals survived a very severe intracerebral challenge with 

Monkeys were observed daily for clinical signs and a highly virulent JE virus (100,000 mouse LD50 were 

scored as in WHO standards. Sera were collected daily for 45 injected IC 60 days after immunization). None of 4 sham 

7 days after inoculations and tested for viremia by plaque immunized monkeys survived; all died between days 8-10 

assay in Vero cells. Blood collected 2 and 4 weeks post after challenge. The single death in the immunized group 

inoculation and tested for NT antibodies to the homologous was a pregnant female; pregnancy could have suppressed the 

viruses. None of the monkeys showed sign of illness. cellular immune response to the vaccine. The results show 

Monkeys were euthanized on Day 30, and brains and spinal 50 the immunogenicity and protective efficacy of the vaccine, 

cords were examined for neuropathology as described in the while validating safety with respect to low vaccine viremia. 

WHO standards. A sample of the brain and spinal cord from The results of these experiments are illustrated in Tables 

each animal was collected and stored frozen for virus 12-15. 

isolation attempts and immunocytochemistry experiments. Genetic Stability of the RMS 

As shown in FIG. 12, a low level viremia was detected in 55 The E protein of the attenuated SA 14 -14-2 virus used to 

all animals in both groups, and lasted for 2-3 days for the construct the YF/JE chimera differs from its virulent parent 

RMS and 1-2 days for YF-VAX® (Yellow Fever 17D (SA 14 or Nakayama) at 6 positions; 107, 138, 176, 177, 

vaccine). All viruses were cleared from the blood by Day 4. 264, and 279. Because the presence of a single residue 

According to the WHO standards, monkeys receiving controlling virulence would be a disadvantage for any 

5,000-50,000 (3.7-4.7 log 10 ) pfu should not have viremia 60 vaccine candidate because of the potential for reversion, 

greater than 165,000 pfu/ml (approximately 16,500 mU> 50 ). studies are being undertaken to determine which residue(s) 

None of the monkeys in the experiments had viremia of are responsible for attenuation and in particular whether a 

more than 15,000 pfu/ml, despite receiving 6 log 10 pfu of the single residue is responsible for the difference. 

RMS. Position 138 on the E Protein 

Neutralizing antibody titers were measured at 2 and 4 65 A single mutation of an acidic residue glutamic acid (E) 

weeks post inoculation (FIG. 13). All monkeys serocon- to a basic residue, lysine (K) at position 138 on the E protein 

verted and had high titers of neutralizing antibodies against of JE virus results in attenuation (Sumyoshi et al., J. Infect. 
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Dis. 171:1144, 1995). Experiments were carried out to merases. According to some measurements, RNA virus 

determine whether the amino acid at position 138 of the JE mutation rates approach one mutation per. replication event, 

envelope protein (K in the vaccine chimera and E in the This is why an RNA virus can be thought of as a family of 

virulent Nakayama chimera) is a critical determinant for very closely related sequences (or "quasispecies"), instead 

neurovirulence in mice. Chimeric YF/JE SA 14 -14-2 (K 5 of a single unchanging sequence (a "classical species"). 

138 — >E) virus containing the single reversion of Two different approaches can be taken to determine the 

K ^E at position 138 was generated from an engineered sequence of an RNA virus: 

cDNA template. The presence of the substitution and the *) P urif Y viral genomic RNA from the culture 

integrity of the entire E protein of the resulting virus was supernatant, reverse-transcnbe the RNA into cDNA 

verified by RT/PCR sequencing of the recovered virus. A 10 ™ d sequence this cDNA. This is the approach we have 

standard fixed-dose neurovirulence test of the virus was taken It yields an averaged, or consensus sequence, 

conducted in 4-week-old outbred mice by i.c. inoculation «^ ^ ^ 1 mut ^ ^ ***** £°" 

with 10 4 pfu of virus. The YF/JE SA 14 -14-2 and YF/JE ^fiffl* } m 

Nakayama chimeric viruses were used as controls. The „ x Ali . , ' XfA , . , 

. . J . . c ™ /TT7 c, A * A n T7\ 2) Alternatively, cDNA can be cloned and individual 

vmdence phenot^e of W/ffi SA„-14-2 (K->E) was is ' dones ' nced . This approach would reveal the 

^distinguishable from that of its attenuated parent YF/JE quasispecies nature of the vaccine by identifying indi- 

5»A M -l4-z in mis assay, with no morbidity or mortality mutations ( dev i at ions from the consensus 

observed m the mice during the observation period (FIG. sequence) in some proportion of the clones. 
14). 

Biological Characterization of Serially Passaged RMS 

We conclude that the single mutation at position 138to the 20 As stated above, we demonstrated experimentally that the 

residue found in the JE-Nakayama virus does not exert a selective pressures exerted by serial passaging of the RMS 

dominant effect on the neurovirulence of the YF/JE SA 14 - does not lead to mutant vaccine viruses with increased 

14-2 chimera, and that one or more additional mutations are virulence. Here, three biological properties of Passages 10 

required to establish the virulent phenotype. and 18 (P10 and P18) were examined. First, neurovirulence 

Other Putative Attenuation Loci 25 was tested by inoculating mice i.c. with graded doses of PI 

Additional experiments to address the contributions of the as well as P10 and P 18. Second, immunogenics ty was 

other 6 residues (mentioned above) using the format compared by inoculating mice s.c. with graded doses of the 

described here were conducted. The mutant viruses con- RMS, P10 and P18. Blood was drawn from these mice 30 

structed by site directed mutagenesis of the YF and JE days post inoculation and serum neutralizing titers were 

infectious clones are listed in Table 16. The E proteins of 30 determined and compared. Finally, the growth kinetics of the 

these viruses were sequenced and confirmed to contained the RMS and of P10 and P18 were compared by inoculating 

desired mutations. Upon inoculation into weanling mice by FRhL cells at moi's of 0.1 and 0.01 and collecting samples 

the I.C. route it is possible to determine those residues of culture supernatant daily. The titers in each flask were 

involved in attenuation of the vaccine. plotted as a function of time and compared. 

Additional experiments to address the contributions of 35 Stability of prM and E Genes 
other residues are underway. The mutant viruses constructed The M and E genes of PI 0 and P18 were sequenced 
to date by site-directed mutagenesis of the YF and JE completely from base 642 to base 2454. Both sequences 
infectious clones are listed in Table 16. The methodology is were identical and carried only one mutation (A->G) result- 
as described above. Results to date confirm that at least two ing an amino acid substitution from H to R at position 394 
and possibly more than 2 mutations are responsible for the 40 on the E protein. This means that selective pressures did not 
attenuation phenotype of YF/JE SA 14 -14-2 virus (Table 23). lead to the loss of any of the attenuating mutations of the E 
Stability of the RMS in Tissue Cultures: Characterization of gene. Codon H394 (CAC) encodes a Histidine in the RMS 
Genetic Changes, Neurovirulence and Immunogenicity but we have found that the second base of this codon is 
Serial Passages In Vitro mutated to a G in a significant proportion of the viruses, 

The RMS was used to inoculate a T75 flask of FRhL2 45 leading to the expression of Arginine. It is important to 

cells at an m.oi. of 0.1. Subsequent passages were carried emphasize that a mixture of A and G are observed at this 

out in T75 flasks and harvested 3 days post-inoculation. At position in the sequence data. The ratio of A to G (A/G) was 

each passage, the culture supernatant was assumed to hold also determined for PI, P4, and P8. Interestingly, the ratio 

10 7 pfu/ml and an aliquot corresponding to an moi of decreases steadily from PI to P10, but at P18 it is back to the 

approximately 0.1 was added to a fresh flask of cells. The 50 value seen at P8. One possible explanation for this obser- 

remainder of the culture supernatant was stored at -80° C. vation is that a mutant bearing the H394R mutation gradu- 

for later characterization. ally became as abundant as the original virus but was then 

Quasispecies and DNA Sequencing out-competed by a new mutant bearing other mutations not 

The chimeric JE vaccine is an RNA virus. Selective present in the M or E genes and therefore, only detected as 
pressure can cause rapid changes in the nucleic acid 55 a rebound in the A/G ratio. We are reproducing these results 
sequences of RNA viruses. A mutant virus that invades by doing a second passaging experiment under identical 
FRhL cells more rapidly, for example, may gain a selective conditions. It must also be noted that duplicate samples of 
advantage by competing more effectively with the original viral genomic RNA were isolated, reverse-transcribed, 
vaccine virus and take over the culture. Therefore, mutant amplified, and sequenced in parallel for each passage exam- 
strains of the vaccine that grow better than the original 60 ined. Reported results were seen in both duplicate samples, 
vaccine may be selected by subculturing in vitro. One arguing against any RT-PCR artifacts obscuring the data, 
concern that addressed experimentally is whether such These observations show that minor genetic changes (one 
selective pressures might lead to mutant vaccine viruses nucleotide substitution in the entire envelope E and M 
with increased virulence. genes) have occurred in the YF sequences of the chimeric 

In theory, molecular evolution should occur more rapidly 65 vaccine upon passaging, but that selective pressures did not 

for RNA viruses than DNA viruses because viral RNA lead to the loss of any of the attenuating mutations of the E 

polymerases have higher error rates than viral DNA poly- gene. 
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Neuro virulence Phenotype of Passages 10 and 18 confers protection against challenge. Active immunization 
Groups of five female ICR mice, 3 to 4 weeks-old, with purified or recombinant NS1 protects mice and mon- 
received 30 /d i.e. of undiluted, PI, P10, or P18, as well as keys against lethal challenge. Hie mechanism of protection 
30/doflO-foldo^utions.NoneofmemiccinjectedwithPl, is presumed to involve antibody-mediated complement- 
Pi 0, or P18 (doses ^7 log 10 pfu) showed any sign of illness 5 dependent cytotoxicity. 

over a five week period. As determined by back-titration, the In addition to protective determinants on NS 1, CTL 

doses aoministered (pfu) were measured as shown in Table epitopes on other nonstructural proteins, including NS3, 

NS2a, and possibly NS5 may be involved in protection. 

w * - r D _ „ 1 n i 1 c Thus, infection with the YF/JE chimeric virus may stimulate 

Immunogenicity or Passages 10 and 18 , ' . „ . „ c -* i* * 

~ e ct c i T^n * • ^ a i ♦ _ humoral or cellular anti-yellow fever immunity. It is 

Groups of five female ICR mice were injected subcuta- 10 , r . J - *. / 

t y \ - . <™ i jm * j • .i e possible, therefore, that use of the chimeric vaccine may 

T U ^ y J S C lT i?2 ° f ^ V™* s ^ of e J*5 interfere with subsequent immunization against YF 17D, or 

meRMSorP10orP18,asweUaswimdosesof K^andlO 4 ^ priof ^^^on with YF 17D may interfere with 

pfu (see Table 18, results of back-Utration). seroconversion to YF/JE SA 14 -14-2. Against this hypothesis 

Growth Kinetics of Passages 10 and 18 ^ a substantial body of data showing that reimmunization 

Monolayers (90% confluent) of FRhL cells were infected 15 with YF 17D results in a boost in yellow fever N antibodies, 

with an moi of 0.1 or 0.01 of RMS, P10, or P18. Time points Those data show that it should be possible to successfully 

were then taken daily for seven days and the titer of each immunize against JE in an individual with prior YF immu- 

time point was determined by plaque assay. Visual obser- nity and vice versa. 

vation of cytopatbic effects (CPE) on FRhL cells used in this To investigate possible interference effects, the experi- 

growth curve experiment show that later passages of the 20 ment shown in Table 19 was initiated. Mice are immunized 

RMS have different growth properties than the RMS itself. with one vaccine and subsequently boosted with the heter- 

CPE is clearly greater for P18 and P10 than for the RMS at ologous vaccine. Mice are bled every 30 days and sera tested 

4 days postinfection showing that these viruses might rep- for neutralizing antibodies against heterologous and 

licate much faster than the RMS. homologous viruses. 

Other observations also show that the growth properties 25 Seroconversion Rate and Antibody liters After Primary 

of P10 and P 18 differ from those of the RMS. The titers of Immunization 

PI, P10, and P18 are ~2xl0 7 , 2x10 s , and 3x10 s , respec- Three groups (n=8) of 34 weeks old female outbred ICR 

lively. The relative yields of RT-PCR products suggest mice were immunized with a single dose (53 log 10 pfu) of 

higher titers of P10 and P 18 compared to P 1. Although the CHIMERI VAX™ -JE (chimeric flavi virus vaccine compris- 

PCR data are not necessarily quantitative, they are consis- 30 ing Japanese Encephalitis virus prM and E proteins) (YF/JE 

tent with the observed titers. SA 14 -14-2), three groups (n=8) were immunized with two 

These results raise the possibility that we have discovered doses of JE-VAX® (inactivated Japanese Encephalitis virus 

a completely attenuated and probably immunogenic variant vaccine) (0-5 ml of a 1:5 dilution of reconstituted vaccine) 

of the vaccine that grows to titers ten-fold higher than the and three groups (n=8) were immunized with a single dose 

original vaccine (RMS) in tissue culture. Such a mutant may 35 of YF-VAX®(Yellow Fever 17D vaccine) (0.1 ml of a 1:2 

have value for manufacturing. dilution of reconstituted vaccine, containing 4.4 log 10 pfu, 

Finally, the sequences of the entire genomes of the RMS previously determined to induce the highest immune 

and pl8 were determined and found to be identical, except response to YF virus). Six groups (n=4) of mice (similar age, 

for the E-H394 mutation fTable 25). There are 6 nucleotide 3-4 weeks old) were kept as controls for booster doses at 3, 

(NT) differences (NT positions are shaded) between the 40 6, and 12 months post primary immunization, 

published YF 17D sequences and RMS shown in bold All mice were bled 4 and 8 weeks after primary immu- 

letters. Changes in positions 5461, 5641, 8212, and 8581 are nization and their neutralizing antibody titers were measured 

silent and do not result in amino acid substitution, whereas against homologous viruses in a plaque assay. 21/24 (87.5%) 

changes in positions 4025 (ns2a) and 7319 (ns4b) result in of the animals immunized with a single dose of 

amino acid substitutions from V to M and from E to K, 45 CHIMERI VAX™ -JE (chimeric flaviviius vaccine compris- 

respectively. Amino acid Methionine (M) at position 4025 is ing Japanese Encephalitis virus prM and E proteins) devel- 

unique for RMS and is not found in any other YF strains, oped anti-JE neutralizing antibodies 1 month after immuni- 

including parent Asibi virus and other yellow fever 17D zation; at 2 months, 18/24 (75%) were seropositive, 

strains (e.g., 204, 213, and 17DD), whereas Lysine (K) at Geometric mean increased somewhat between 1 and 2 

position 7319 is found in 17D204F, 17D213, and 17DD, but 50 months post inoculation. In contrast, only 25%-33% of the 

not in 17D204US or Asibi strain. Since the RMS is more mice immunized with YF-VAX® (Yellow Fever 17D 

attenuated than YF 17D with respect to neuro virulence, and vaccine) seroconverted and antibody responses were low. 

thus has better biological attributes as a human vaccine, it is These results show that YF 17D virus and chimeric viruses 

possible that the amino acid differences at positions 4025 derived from YF 17D are restricted in their ability to 

and 7319 in the nonstructural genes of the yellow fever 55 replicate in the murine host; however, when the envelope of 

portion of the chimeric virus contribute to attenuation. Other JE virus is incorporated in the chimeric virus, the ability to 

workers have shown that the nonstructural genes of yellow replicate in and immunize mice is apparently enhanced, 

fever virus play an important role in the attenuation of Mice receiving two doses of JE-VAX® (inactivated Japa- 

neurovirulence (Monath, "Yellow Fever," in PloOrin et al., nese Encephalitis virus vaccine) developed high neutralizing 

(Eds.), Vaccines, 2"^ edition, W. B. Saunders, Philadelphia, 60 titers against parent Nakayama virus, and titers increased 

1998). between 1 and 2 months post immunization. 

Experiment to Identify Possible Interference Between YF Secondary Immunization of CHIMERI VAX™ -JE 

17D and YF/JE SA 14 -14-2 (Chimeric Flavivirus Vaccine Comprising Japanese 

It is well-established that yellow fever virus encodes Encephalitis Virus prM and E Proteins) and JE-VAX® 

antigenic determinants on the NS1 protein that induce 65 (Inactivated Japanese Encephalitis Virus Vaccine)- 

non-neutralizing, complement-fixing antibodies. Passive Immunized Mice With YF — VAX® (Yellow Fever 17D 

immunization of mice with monoclonal anti-NS 1 antibodies vaccine) 
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Three months and six months after primary immunization nee red with a similar strategy, using natural or engineered 

with CHI M ERI VAX™ - JE (chimeric flavivirus vaccine restriction sites and, for example, oligonucleotide primers as 

comprising Japanese Encephalitis virus prM and E proteins), shown in Table 20. 

mice were inoculated with YF-VAX® (Yellow Fever 17 D Construction of YF/DEN Chimeric Virus 

Vaccine) (1:2 dilution of a human dose containing 4.4 log 10 5 Although several molecular clones for dengue viruses 

pfu). Control mice not previously immunized and of iden- have been developed, problems have commonly been 

deal age received CHIMERIVAX™-JE (chimeric flavivirus encountered with stability of viral cDNA in plasmid 

vaccine comprising Japanese Encephalitis virus prM and E systems, and with the efficiency of replication of the recov- 

proteins) only or YF-VAX® (Yellow Fever 17D Vaccine) ered virus. We chose to use a clone of DEN-2 developed by 

(Groups 10-13). One month later, mice were tested for 10 Dr. Peter Wright, Dept. of Microbiology, Monash 

presence of YF-specific neutralizing antibodies. University, Clayton, Australia, because this system is rela- 

At the 3 month time point, none of the control mice or tively efficient for regenerating virus and employs a two- 
mice previously immunized with CHIME RI VAX ™-JE plasmid system similar to our own methodology. (See Table 
(chimeric flavivirus vaccine comprising Japanese Encepha- 21 for a comparison of the sequences of Dengue-2 and 
litis virus prM and E proteins) or JE-VAX® (inactivated 15 YF/Den-22 18 viruses.) The complete sequence of this 
Japanese Encephalitis virus vaccine) seroconverted to DEN-2 clone is available and facilitated the construction of 
YF-VAX® (Yellow Fever 17D Vaccine), again confirming chimeric YF/DEN templates because only a few modifica- 
the poor immunogenicity of YF-VAX® (Yellow Fever 17D tions of the YF clone were required. The relevant steps are 
Vaccine) at the dose used. However, all mice immunized outlined as follows. 

with YF-VAX® (Yellow Fever 17D Vaccine) 6 months after 20 Similar to the two plasmid system for YF5.2iv and YF/JE 

primary immunization with CHIMERI VAX™ -JE (chimeric viruses, the YF/DEN system uses a unique restriction site 

flavivirus vaccine comprising Japanese Encephalitis virus within the DEN-2 envelope protein (E) as a breakpoint for 

prM and E proteins) and 7/8 mice previously immunized propagating the structural region (prM-E) within the two 

with JE-VAX® (inactivated Japanese Encephalitis virus plasmids, hereinafter referred to as YFS^'IV/DEN (prM-E*) 

vaccine), seroconverted after immunization with YF-VAX® 25 and YFM5.2/DEN (E'-E) (see FIG. 15). The two restriction 

(Yellow Fever 17D Vaccine) (Table 24). Hiere was no sites for in vitro ligation of the chimeric template are Aatll 

difference in seroconversion rate or GMT in mice with and and Sphl. The recipient plasmid for the 3' portion of the 

without prior immunization with either JE vaccine. DEN E protein sequence is YFM5.2(NarI[+]SphI[-]). This 

Secondary Immunization of YF-VAX® (Yellow Fever 17D plasmid contains the Narl site at the E/NSI junction, which 

Vaccine) Immunized Mice with CHIMERI VAX™ -JE 30 was used for insertion of the carboxyl terminus of the JE E 

(Chimeric Flavivirus Vaccine Comprising Japanese protein. It was further modified by elimination of an extra 

Encephalitis Virus prM and E Proteins) Sphl site in the NS5 protein region by silent site-directed 

All mice previously immunized with YF-VAX® (Yellow mutagenesis. This allowed insertion of DEN-2 sequence 

Fever 17D Vaccine) and reimmunized with from the unique Sphl site to the Narl site by simple 

CHI MERI VAX™ -JE (chimeric flavivirus vaccine compris- 35 directional cloning. The appropriate fragment of DEN-2 

ing Japanese Encephalitis virus prM and E proteins) 3 cDNA was derived by PCR from the DEN-2 clone MON310 

months later developed neutralizing antibodies to JE (group furnished by Dr. Wright. PCR primers included a 5' primer 

7, Table 10.4). None of the controls seroconverted. Five of flanking the Sphl site and a 3' primer homologous to the 

6 mice (83%) previously immunized to YF-VAX® (Yellow DEN-2 nucleotides immediately upstream of the signalase 

Fever 17D Vaccine) and reimmunized with 40 site at the E/NSI junction and replacing the signalase site by 

CHIMERIVAX™ -JE (chimeric flavivirus vaccine compris- substitutions that create a novel site, but also introduce a 

ing Japanese Encephalitis virus prM and E proteins) 6 Narl site. The resulting 1,170 basepair PCR fragment was 

months later seroconverted to JE (group 8, Table 10.4, as did ' then introduced into YFM5.2(NarI[+]SphI[-]). 

all controls (group 13)), and the GMTs were similar across The 5' portion of the DEN-2 clone including the prM and 

these groups. 45 amino terminal portion of the E protein was engineered into 

There was no evidence for cross-protection between YF the YF53TV plasmid using a chimeric PCR primer. The 

and JE viruses or limitation of antibody response to sequen- chimeric primer, incorporating the 3' end of negative-sense 

rial vaccination with these viruses. Yellow fever 17D vac- YF C protein and 5' end of DEN-2 prM protein, was used 

cine elicits a poor antibody response in the mouse; while this with a positive-sense primer flanking the SP6 promoter of 

limited interpretation of the data somewhat, it provided a 50 the YF53'IV plasmid to generate a 771 basepair PCR 

sensitive test of any restriction in replication and immuno- product with a 20 base extension representing DEN-2 prM 

genicity of YF 17D virus in mice previously immunized sequence. This PCR product was then used to prime the 

with CHIMERIVAX™ -JE (chimeric flavivirus vaccine DEN-2 plasmid in conjunction with a 3' primer representing 

comprising Japanese Encephalitis virus prM and E proteins). DEN-2 sequence 1,501-1,522 and flanking the Sphl, to 

The fact that all mice immunized with CHIMERIVAX™ - JE 55 generate an 1,800 basepair final PCR product including the 

(chimeric flavivirus vaccine comprising Japanese Encepha- YF sequence from the NotI site through the SP6 promoter, 

litis virus prM and E proteins) responded 6 months later to YF 5* untranslated region, and YF C protein, contiguous 

immunization with YF-VAX™ (Yellow Fever 17D Vaccine) with the DEN-2-prM-E 1522 sequence. The PCR product 

and that the GMT and range of neutralizing antibody titers was ligated into YF5'3TV using NotI and Sphl sites to yield 

were similar to controls suggests that the chimeric vaccine 60 the YF5'31V/DEN(prM-E) plasmid. 

imposed no significant barrier to yellow fever immunization. Construction of Chimeric YF/DEN Viruses Containing Por- 

Construction of cDNA Templates for Generation of Yellow tions of Two DEN Envelope Proteins 

Fever/Dengue (YF/DEN) Chimeric Viruses Since neutralization epitopes against DEN viruses are 

Derivation of chimeric Yellow Fever/Dengue (YF/DEN) present on all three domains of the E protein, it is possible 

viruses is described as follows which, in principle, is carried 65 to construct novel chimeric virus vaccines that include 

out the same as construction of the YF/JE chimeras sequences from two or more different DEN serotypes. In this 

described above. Other flavivirus chimeras can be engi- embodiment of the invention, the C/prM junction and gene 
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encoding the carboxyl terminal domain (Domain III) of one 2 (7.2 log 10 pfu/ml) and only half log virus (6.8 log 10 

DEN serotype (e.g., DEN-2) and the N-terminal sequences pfu/ml) was lost on the following 3 days. This higher rate of 

encoding Domains I and II of another DEN serotype (e.g., viable viruses in Vero cells may be explained by incomplete 

DEN-1) are inserted in the YF 17D cDNA backbone. The CPE observed in these cells. In sum, the chimera grows well 

junctions at C/prM and E/NS1 proteins are retained, as 5 in approved cell substrate for human use. 

previously specified, to ensure the infectivity of the double- Neurovirulence Phenotype in Suckling Mice 

chimera. The resulting infectious virus progeny contains Although wild-type unpassaged dengue viruses replicate 

antigenic regions of two DEN serotypes and elicits neutral- in brains of suckling mice and hamsters inoculated by the 

izing antibodies against both. intracerebral route (Brandt et al., J. Virol 6:500-506, 1970), 

Transfection and Production of Progeny Virus 10 they usually induce subclinical infection and death occur 

Plasmid YF5'3'IV/DEN(prME) and YFM5.21DEN(E -E) only in rare cases. However, neurovirulence for mice can be 

were cut with SphI and Aatll restriction enzymes, appropri- achieved by extensive passage in mouse brain. Such neuro- 

ate YF and dengue fragments were isolated and ligated in adapted viruses can be attenuated for humans. For example, 

vitro (FIG. 15) using T4 DNA ligase. After digestion with the New Guinea C (NGC), the prototype dengue 2 vims 

Xhol to allow run-off transcription, RNA was transcribed 15 isolated in 1944 and introduced into the Americas in 1981, 

(using 50 ng of purified template) from the SP6 promoter is not neuro virulent for suckling mice; however after 

and its integrity was verified by non-denaturing agarose gel sequential passage in mouse brain it became neuro virulent 

electrophoresis. Vero cells were transfected with YF/Den-2 for mice, but was attenuated for humans (Sab in, Am. J. Trap. 

RNA using Lipofectin (Gibco/BRL), virus was recovered Med. Hyg., 1:30-50, 1952; Sabin et al., Science 

from the supematants, amplified twice in Vero cells, and 20 101:640-642, 1945; Wisseman et al., Am. J. Trop. Med. 

titrated in a standard plaque assay on Vero cells. The virus Hyg. 12:620-623, 1963). The PUO-218 strain is a wild type 

titer was 2xl0 6 PFU/ml. dengue 2 virus isolated in 1980 epidemic in Bangkok. It is 

Nucleotide Sequencing of YF/Den-2 Chimera closely related to the NGC strain by nucleotide sequencing 

Vero cells were infected with YF/DEN-2 (clone 5.75) at (Gruenberg et al., J. Gen. Virol 69:1391-1398, 1988). When 

an MOI of 0.1. After 96 hours, cells were harvested with 25 the prME genes of the PUO-218 strain were inserted into the 

Trizol (life Technologies, Inc.). Total RNA was primed with neuroadapted NGC backbone, the chimeric virus was 

a YF-5' end NS1 minus oligo, and reverse transcribed with attenuated for 3-days old mice inoculated by the I.C. route 

Superscript II RT following a long-RT protocol (life (Peter Wright, X** International Congress of Virology, 

Technologies, Inc.). Amplification of cDNA was achieved Jerusalem, Israel, 1996). The PU0218 virus differs from 

with XL-PCR kit (Peririn Elmer). Several primers specific 30 NGC in one amino acid in prM (residue 55 is F in NGC and 

for dengue type 2 strain PUO-218 were used in individual is L in PU0218) and 6 amino acids in the E protein (71 

sequencing reactions and standard protocols for cycle D->E, 126K->E, 1411 ->V, 164 1->V,4021->F, and 484 V->I) 

sequencing were performed. Sequence homology compari- (see Table 21). All amino acid differences (except residue 

sons were against the PUO-218 strain prME sequence E-126) are also present in PR SI strain (attenuated vaccine 

(GenBank accession number D00345). 35 strain), indicating that they may not be involved in attenu- 

Sequencing showed that the YF/DEN-2 chimera prME ation. Only residue 126 on the E protein is different between 

sequence is identical to that of PUO-218 (Gruenberg et al., these viruses. This residue was shown to be responsible for 

J. Gen. Virol 69:1391-1398, 1988). In addition, a Narl site the neurovimlent phenotype of the mouse adapted NGC 

was introduced at the 3 1 end of E, resulting in amino acid (Bray et al., J. Virology 72:1647-1651, 1998). Although 

change Q494G (this residue is located in the transmembrane 40 mouse neurovirulence does not predict virulence/attenuation 

domain and not compared in Table 21). In Table 21, amino of dengue viruses for humans, it is important to determine 

acid differences in the prME region of YF/Den2 is compared the neurovirulence of a YF/Den-2 chimeric virus. YF 17D 

with prototype New Guinea C (NGC) virus and the attenu- retains a degree of neurotropism for mice, and causes 

ated dengue -2 vaccine strain PR- 159 SI (Hahn et al., (generally subclinical) encephalitis in monkeys after IC 

Virology 162:167-180, 1988). 45 inoculation. For vaccine development of a den/YF chimera 

Growth Kinetics in Cell Culture it will be necessary to show that the construct does not 

The growth kinetics of the YF/Den-2 chimera were com- exceed YF 17D in neuroinvasiveness and neurovirulence. 
pared in Vero and FeRhL cells (FIG. 16). Cells were grown Ultimately safety studies in monkeys will be required. In 
to confluency in tissue culture flask (T-75). FeRhL cells were initial studies, we determined if insertion of the prME of the 
grown in MEM containing Earle's salt, L-Ghi, non-essential 50 PU0218 into YF 17D vaccine strain will affect its neu- 
amino acids, 10% FBS and buffered with sodium rovirulence for suckling mice (Table 24). Groups of 3, 5, 7, 
bicarbonate, and Vero cells were grown in MEM-Alpha, and 9 days old suckling mice were inoculated by the I.C. 
L-Glu, 10% FBS (both media purchased from Gibco/BRL). route with 10,000 pfu of YF/Den-2 or YFyaE^ 14 . 14 _ 2 cbi- 
Cells were inoculated with YF/Den2 at 0.1 MOI. After 1 mera and observed for paralysis or death for 21 days. For 
hour of incubation at 37° C, medium containing 3% FBS 55 controls similar age groups were inoculated either sham with 
was added, and flasks were returned to a C0 2 incubator. medium (I.C. or I.P.) or with 1,000 pfu of unpassaged 
Every 24 hours, aliquots of 0.5 ml were removed, FBS was commercial YF vaccine (YF-VAX® (Yellow Fever 17D 
added to a final concentration of 20%, and frozen for vaccine)) by the LP. route (it is not necessary to inoculate 
determination of titers in a plaque assay. Forty eight hours suckling mice with YF-VAX® (Yellow Fever 17D vaccine) 
post infection CPE was observed in FeRhL cells and reached 60 by the I.C. route because we have previously shown that this 
100% by day 3. In Vero cells, CPE was less dramatic and did vaccine is virulent for 4 weeks old mice by this route), 
not reached 100% by the completion of the experiment (day As shown in FIG. 17, all suckling mice (3 to 7 days old) 
5). As shown, the YF/Den2 reached its maximum titer (7.4 inoculated by the I.C. route with the YF/Den2 chimera died 
l°gio pfu/ml) by day 3 and lost about one log (6.4 log 10 between 11 and 14 days post inoculation, whereas 8 out of 
pfu/ml) upon further incubation at 37° C, apparently due to 65 10 suckling mice (9 days old) survived. Similarly, all suck- 
death of host cells and virus degradation at this temperature. ling mice (3-5 days old) inoculated with YF-VAX® ((Yellow 
The maximum virus titer in Vero cells was achieved by day Fever 17D vaccine) by the I.P. route, with a dose which was 
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10-fold lower than the YF/Den2 chimera, died between 11 to An alternative approach to engineering additional chi- 

13 days post inoculation. All nine day old, as well as 8 out meric viruses is to create the C/prM junction by blunt end 

of 9 seven day old, mice inoculated with the YF-VAX® ligation of PCR-derived restriction fragments having ends 

(Yellow Fever 17D vaccine) survived. Similar results to the that meet at this junction and 5* and 3' termini that flank 

YF/Den2 chimera obtained with suckling mice inoculated 5 appropriate restriction sites for introduction into YF5'3 IV or 

with the YF/JE^ 14 _ 14 . 2 chimera. an intermediate plasmid such as pBS-KS(+). The option to 

As is mentioned above, when prME genes of the PU0218 ^ a cnimeric oligonucleotide or bluntnend ligation will 

strain were inserted into the NGC backbone the chimeric vary> depending on the availability of unique restriction sites 

virus was not neurovirulent for 3 days old suckling mice within ^ envd protein coding region of the virus in 

inoculated by the I.C. route. In contrast, when these genes 10 uest j on 
were inserted into the 17D backbone, the resulting YF/Den2 

chimera demonstrated a neurovirulence phenotype (for Construction of YF Viruses Encoding HCV Antigens 

suckling mice) similar to the YF/JE 4S ^ 14 _ 14 _ 2 . This experi- Because the structural proteins El and E2 of HCV are not 

ment also demonstrated that the replacement of the prME homologous to the structural proteins of the flaviviruses 

genes of the YF 17 D with prME genes of the Dengue 2 15 described above, the strategy for expression of these proteins 

PU0218 resulted in a chimeric virus which was less neu- involves insertion within a nonessential region of the 

ro virulent than the 17D parent strain. genome, such that all of these proteins are then co-expressed 

Unlike most flaviviruses, there is no correlation between with yellow fever proteins during viral replication in 

neurovirulence of dengue viruses in mice and humans. infected cells. The region to be targeted for insertion of the 

Currently the most suitable animal models for dengue infec- 20 proteins is the N terminal portion of the NS1 protein, since 

tion are Old World monkeys, New World monkeys, and apes ^ eQtire NS1 protein ^ DOl required for ^ replication, 

that develop subclinical infection and viremia. There is^ Becausc of me potentia i pro blems with stability of the YF 

however, no animal model for the mast severe illness OpHIO e m ^ nce of heterologous sequence exceeding 

in humans, which occuis when individuals become infected ° i • * *u / • *i mnnn 

. , , ' . , _ , , « , the normal size of the genome (approximately 10,000 

with a heterologous serotype due to antibody dependent 25 . . , . . , , 4 i t j t_ i . 

enhancement of infection. Today it is generally accepted that nud ^, tlde J S >'. ^ * l Ascribed below can be 

a tetravalent vaccine is required to induce protective immu- f d J? addl,10 ^£ eU ? n . of NS1 m ^ * adv .^ ge0 J!f m 

nity in human beings against all four serotypes to avoid cmmen ? YF^lavivirus systems described above, 

sensitizing vaccinee to more severe illness DHF. For the last becaus< : dele,1 ? n ° f *f P™*" 1 may ^ 

fifty years, many approaches have been undertaken to pro- 30 ™nity to YF associated with antibodies against NSI, and 

duce effective dengue vaccines and although dengue viruses ^ av ? ld P roblems wim vector immunity more than one 

have been satisfactory attenuated (e.g., PR-159/S-1 for Den- c ]™ c vaccine was to be needed in a given recipient, or 

^ o\ - „ ♦ 1, :„ ,„-„ rt „™~i»f; rt „ «f if a YF vaccme had been previously given or needed at a 

gue 2) m many cases in vitro or in vivo correlation or . r J to 

attenuation were not reproducible in humans. A current ^ ure P° mt - 

strategy is to test selected live virus vaccine candidates 35 Th e strategy involves creating a series of in-frame dele- 
stepwise in small numbers of human volunteers. Many tions within the NS1 coding region of the YFM5.2 plasmid, 
laboratories around the world are exploring various strate- in conjunction with engineering a translational termination 
gies to produce suitable vaccine candidates. These range codon at the end of E, and a series of two IRESs (internal 
from subunit vaccines including prME (protein vaccine or ribosome entry sites). One IRES is immediately downstream 
DNA vaccine) of dengue viruses to live attenuated whole 40 of the termination codon and allows for expression of an 
viruses (produced by tissue culture passage or recombinant 0Den reading frame within the region between E and NSI. 
DNA technology). Although some of these candidates have The second IRES initiates translation from truncated NSI 
shown promise in preclinical and human volunteers, devel- proteins, providing expression of the remainder of the YF 
opment of a successful dengue vaccine remained to imple- nonstructural polyprotein. These derivatives are tested for 
mented. 45 recovery of infectious virus and the construct with the 

Evaluating the immunogenicity and protective efficacy of largest deletion is used for insertion of foreign sequences 
the YF/Den2 chimera in monkeys should shed light on (e g , HCV proteins) in the first IRES. This particular 
selection of appropriate prME genes (form wild type or construct can also serve as a basis for determining whether 
attenuated strain) for construction of all 4 serotypes of deletion of NSI will affect vector-specific immunity in the 
chimeric dengue viruses. 50 context of YF/Flavivirus chimeric viruses expressing prM- 

Co instruction of Chimeric Templates for Other Flaviviruses E > ^ described above. 

Procedures for generating full-length cDNA templates The insertion of nucleotides encoding El, E2, and/or El 
encoding chimeric YF/MVE, YF/SLE, YF/WN, and plus E2 HCV proteins is limited by the size of the deletion 
YF/TBE viruses are similar to those described above for the tolerated in the NS 1 protein. Because of this, truncated 
YF/DEN-2 system. Table 20 illustrates the features of the 55 HCV proteins can be used to enhance stability within the 
strategy for generating YF 17D-based chimeric viruses. The modified YF clone. The HCV proteins are engineered with 
unique restriction sites used for in vitro ligation, and the an N-terminal signal sequence immediately following the 
chimeric primers for engineering the C/prM and E/NSI IRES and a termination codon at the C terminus. This 
junctions are also shown. Sources of cDNA for these het- construction will direct the HCV proteins into the endoplas- 
erologous flaviviruses are readily available (MVE: Dalgarno 60 mic reticulum for secretion from the cell. The strategy for 
et al., J. Mol. Biol. 187:309-323, 1986; SLE: Trent et al., this construction is shown schematically in FIG. 16. Plas- 
Virology 156:293-304, 1987; TBE: Mandl et al, Virology mids encoding HCV proteins of genotype I can be used for 
166:197-205, 1988; Dengue 1: Mason et al., Virology these constructions, for example, HCV plasmids obtained 
161:262-267, 1987; Dengue 2: Deubel et aL, Virology from Dr. Charles Rice at Washington University (Grakoui et 
155:365-377, 1986; Dengue 3: Hahn et al., Virology 65 al., J. Virology 67:1385-1395, 1993), who has expressed 
162:167-180, 1988; Dengue 4: Zhao et al., Virology this region of the virus in processing systems and within a 
155:77-88, 1986). rephcationK»mplement full-length HCV clone. 
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PrM Cleavage Deletion Mutants as Attenuating Vaccine 
Candidates for Flavi viruses 

Additional chimeric viruses included in the invention 
contain mutations that prevent prM cleavage, such as muta- 
tions in the prM cleavage site. For example, the prM 5 
cleavage site in flavi virus infectious clones of interest, such 
as dengue, TBE, SLE, and others can be mutated by site- 
directed mutagenesis. Any or all of the amino acids in the 
cleavage site, as set forth above, can be deleted or substi- 
tuted. A nucleic acid fragment containing the mutated prM-E 10 
genes can then be inserted into a yellow fever virus vector 
using the methods described above. The prM deletion can be 
used with or without other attenuating mutations, for 
example, mutations in the E protein, to be inserted into the 
yellow fever virus. These mutants have advantages over 15 
single substitution mutants as vaccine candidates, because it 
is almost impossible to revert the deleted sequence and 
restore virulence. 

Hie following chimeric fiaviviruses of the invention were 
deposited with the American Type Culture Collection 20 
(ATCC) in Rockville, Md., U.S.A. under the terms of the 
Budapest treaty and granted a deposit date of Jan. 6, 1998: 
Chimeric Yellow Fever 17D/Dengue Type 2 Virus (YF/ 
DEN-2; ATCC accession number ATCC VR-2593) and 
Chimeric Yellow Fever 17D/Japanese Encephalitis SA 14 - 25 
14-2 Virus (YF/JE A1J; ATCC accession number ATCC 
VR-2594). 
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TABLE 4 



Ncurovimlcncc of YF/JE SA 14 -14-2 Chimera 
3 week old male ICR mice 





log dose LC. 


% Mortality 


YF5.2iv 


4 


100 (7/7) 


YF/JE SA 14 -14-2 


4 


0 (0/7) 


YF/TE SA 14 -14-2 


5 


0 (0/7) 


YF/JE SA 14 -14-2 


6 


0 (0/8) 


TABLE 5 


Neuro invasiveness of YF/JE Chimeras 


3 week old male ICR mice 






log dose 






(intraperitoneal) 


% mortality 


YF/JE Nakayama 


4 


0 (0/5) 


YF/JE Nakayama 


5 


0 (0/4) 


YF/JE Nakayama 


6 


0 (0/4) 


YF/JE SA t4 -14-2 


4 


0 (0/5) 


YF/JE SA l4 -14-2 


5 


0 (0/4) 


YF/JE SA t4 -14-2 


6 


0 (0/4) 



TABLE 1 





Sequence 


comparison of 


: JE strains and YF/JE 


chimeras 






Vims 


E 107 


E 138 


E176 


E177 


E227 


E243 


E 244 E 


264 


E 279 


E315 


JE SA 14 -14-2 


F 


K 


V 


T 


S 


K 


G 


H 


M 


V 


YF/JE SA 14 -14-2 


F 


K 


V 


A 


S 


E 


G 


H 


M 


V 


YF/JE Nakayama 


L 


E 


I 


T 


P 


E 


E 


Q 


K 


A 


JE Nakayama 


L 


E 


I 


T 


P 


E 


E 


Q 


K 


A 


JE SA14 


L 


E 


I 


T 


S 


E 


G 


Q 


K 


V 



TABLE 2 



Characterization of YF/JE chimeras 



Infectiviry PBS RNase DNase 

Yield plaques/100 og log titer log titer log titer 
Clone (ag) LLC-MK2 VERO VERO VERO 



YF5.21V 


5.5 


15 


7.2 


0 


7 


YF/JE-S 


7.6 


50 


6.2 


0 


6.2 


YF/JE-N 


7 


60 


5 


0 


5.4 



TABLE 3 

Plaque reduction neutralization titers on YF/JE chimeras 





non- 












immune 


YF 


JE 


non- 






ascitic 


ascitic 


ascitic 


immune 


YF 


Virus 


Quid 


fluid 


fluid 


IgG 


IgG 


YF5.2iv 


<13 


3.7 


<1.3 


<2.2 


>4.3 


JE SA^-14-2 


<13 


<13 


3.4 


<2.2 


<2.2 


YF/JE SA 14 -14-2 


<1.3 


<13 


3.1 


<2_2 


<1.9 


YF/TE Nakayama 


<13 


<13 


3.4 


<2.2 


<2.2 



40 

TABLE 6 



Doses and routes of virus inoculation 



45 into groups of 4- week-old ICR mice 









YF-VAX® 


YF-VAX® 










(Yellow Fever 


(Yellow Fever 










17D vaccine) 


17D vaccine) 


Total 


50 


YF/JE sx. 


YF/JE Lc. 


sx. 


Lc 


# 


Group 


logmpfu 


log lc ptu 


log 10 pfu 


logjopfu 


mice 


1 


5 


4.5 


4.7 


4.2 


20 


2 


4 


4 


4.4 


3.9 


20 


55 3 


3 


3 


3.4 


3.4 


20 


4 


2 


■ 2 


2.4 


2.4 


20 


5 


1 


1 


1.4 


1.4 


20 


6 


JE-VAX ® 








5 



(inactivated Japanese Encephalitis virus vaccine) 
60 (BIKEN) 130, day 0, 7, sx. 

7 JE-VAX® 5 
(inactivated Japanese Encephalitis virus vaccine) 

(BIKEN) 1300, day 0, 7, s.c 

8 control sx. (medium + 10% FBS) 5 
65 9 control ix. (medium + 10% FBS) 5 
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TABLE 7 



Geometric mean neutralizing antibody titers 
3 and 8 weeks after immunization, outbred mice inoculated 
with graded doses of vaccines by the s.c. route 

Antibody titer (GMT ± SD) vs. 



Dose JE YF 17D 



Vaccine log LO PFU 3w 8w 3w 8w 



5.0 


151 ± 93 


5,614 * 3514 






4.0 


38 ± 60 


127 ± 247 






3.0 


19*65 


43*560 






2.0 


7 ±12 


3*71 






1.0 


2 ±8 


0 






4.7 






2 ±4 


18 ± 13 


4.4 






35 ±24 


250 ± 109 


3.4 






9 ±20 


54 ± 179 


2.4 






1 ±0 


53 ±22 


1.4 






0 


46*18 



TABLE 8 



Immunogenicity and protection vs. challenge 
5 Mice were immunized on Day 0 with live vaccines and 

on days 0, 7, and 20 with JE-VAX ® 
(inactivated Japanese Encephalitis virus vaccine), 



10 



15 



20 





bled on day 21 and challenged on day 28. 














Total 






No7 




no. 


Virus 


group Dose (pfu) 


Route 


mice 


1. 


YF/TE 


8 lOMO 5 


sc 


32 




(SA 14 -14-2 RMS)* 








2. 


YF 17D (iv5.2) (Vero) 


8 lOMO 5 


sc 


32 


3. 


YF 17D (PMC) 


8 lO^lO 5 


sc 


32 


4. 


JE Nakayama 


8 10 2 -10* 


sc 


32 


5. 


JE SA 14 -14-2 


8 ioMo 5 


sc 


32 




(BHKP1)** 








6. 


YF/JE (Nakayama)# 


8 lO^lO 5 


sc 


32 


7. 


JE-VAX® 


8 100 ul 1:300 diL on 


sc 


8 




(inactivated 


Day 0, 7 and 100 ul 








Japanese Encephalitis 


1:5 diL on D 20 








virus vaccine) 










Connaught lot 










EJN*151B 








8. 


None (challenged) 


8 




8 


9. 


None (unchallenged) 


8 




8 



•YF/JE SA M -14-2 vaccine candidate 
30 ••Chinese live vaccine, passed once in BHK cells 

#Chimeric YF/JE virus, with prM-E insert of wad-type JE Nakayama 



TABLE 9 



Protection of C57/BL6 mice by a single SC inoculum of graded doses of live 
virus vaccines against IP challenge with 158 LD50 of wild-type JE virus (IC-37). 
Mice were challenged 28 days after immunization. 



Number of survivors/number challenged (% survivors) 
by vaccine dose (log ir i>fii) 



Vaccine 


None 1 


2 


3 


4 


5 


Yellow fever 17D 


NT* 


3/8 


1/8 


1/8 


2/8 


(YF-VAX ® (Yellow Fever 17D vaccine) unpass 


aged) 


(37.5%) 


(1Z5%) 


(1Z5%) 


(25%) 


Yellow fever 17D 


NT 


0/8 


1/8 


178 


1/8 


(YF5.2iv infectious clone) 




(0%) 


(125%) 


(12.5%) 


(125%) 


Yellow fevcr/JE 


1/8 


2/8 


7/7 


7/8 


7/7 


SA14-14-2 chimera 


(12.5%) 


(25%) 


(100%) 


(87.5%) 


(100%) 


Chinese JE vaccine 


NT 


1/8 


1/8 


0/8 


3/8 


SA14-14-2 (BHK1) 




(125%) 


(125%) 


(0%) 


(375%) 


Wile-Type JE 


NT 


2/7 


V6 


1/3 


V4 


(Nakayama)# 




(29%) 


(17%) 


(33%) 


(25%) 


YF/JE (Nakayama) 




3/3 


5/5 


3/3 






(100%) 


(100%) 


(100%) 





Other 



Mouse brain vaccine 
(JE-VAX® 

(inactivated Japanese Encephalitis virus vaccine))** 
Control (challenge) 

Control (no challenge) 



7/8 
(875%) 



3/8 
(125%) 

8/8 
(100%) 



•Not tested 

#Some mice died as a result of inoculation of the wild-type virus at high doses, thus fever mice remained for challenge 
**Threc doses at 1 week intervals 
No mice survived initial inoculation at this dose 
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TABLE 10 



TABLE 12 



Geometric mean neutralizing antibody titers, C57/BL6 mice 21 days 
after immunization with a single SC inoculum of graded doses of 
live vims vaccines and 1 day after the third dose of inactivated 



Vaccine 


Dose 

(log 10 PFU) 


Antibody titer 
(GMT * SD) 
vs. 

JEV YF 17D 


YF/JE SA 14 -14-2 


5 


44.8 * 25.2 




4 


265 * 23.1 




3 


/ro * AO 

o.z ± 




2 


1.1 * 035 




1 


1 ± 0 


SA 14 -14-z ^DrUsJ ) 


c 
J 


25 * 43 






3_5 ± 20 5 




3 


4.7 * 15.5 




2 


1*0 


JE Nakayama 


5 


132 ± 1 




4 


4*4.0 




3 


1.6 ± 1.8 




2 


1 ±0 


YF/JE SA 14 -14-2 


5 


10 * 70* 




4 


102^ ± 45.7 




3 


76.8 ± 63.9 




2 


19.8 * 8.1 


JE-VAX® 


3 doses** 


2J8±6S 


(inactivated Japanese 






Encephalitis virus 






vaccine) 






(mouse brain) 






YF-VAX ® 


5 


11 * 9.6 


(Yellow Fever 


4 


13.8 ± 19.1 


17D vaccine) 


3 


4.3 * 11.7 




2 


1*0 


YF5.2iv 


5 


293 * 47.1 


(17D infect clone) 


4 


11 * 15.2 




3 


8 ± 19.4 




2 


2.1 * 3.2 


Controls 


0 


1*0 



*only 2/8 mice survived immunization with this vims; the low antibody 
titers in these animals probably reflect low level virus replication consis- 
tent with survival. 

**3 doses on days 0, 7, and 20; animals were bled on day 21, 1 day after 
their third immunization. The day 20 boost was performed with a higher 
dose of vaccine, thus antibody titers prc-challenge are expected to be 
higher than those shown here. 



TABLE 11 



Geometric mean neutralizing antibody titers (GMT) in 3 monkeys 
2 and 4 weeks post inoculation with a single dose of YF-VAX ® 

(Yellow Fever 17D vaccine) or CHIMERIVAX ™-JE 
(chimeric flavivirus vaccine comprising Japanese Encephalitis virus 
prM and E proteins') by the LC route 



GMT 



Dose 



JE 



YF 



Vaccine 



(log 10 pfu) 2W 4W 2W 4W 



CHIMERIVAX ™-JE 7.0 
(chimeric flavivirus vaccine 
comprising Japanese 
Encephalitis virus prM and 
E proteins) 

YF-VAX® 5.0 
(Yellow Fever 17D 
) 



75 



3200 



66 4971 



Immunization and protection: rhesus monkeys 
Screening HI test for flavivirus antibodies: negative 



10 



15 









Dose, route 


JE Challenge 


Group 


N 


Virus 


(log lo PFU/0-5 ml) 


Day 60 


1 


3 


WEsa^^ 


43 SC 


5.0 IC 


2 


3 


YF/JEsxi^ 


53 SC 


5.0 IC 


3 


4 


Saline/sham 


— SC 


5.0 IC 



Viremia days 1—7 after immunization and challenge 

Neutralization test days 0, 15, 30, 45, and 60 after immunization and days 
15 and 30 after challenge 

Necropsy day 30 post challenge 



20 



25 



30 



TABLE 13 



Viremia, rhesus monkeys immunized with CHTMERTVAX ™-JE 

(chimeric flavivirus vaccine comprising Japanese Encephalitis 
virus prM and E proteins) by the SC route 



Dose 



Day post-inoculation 



Monkey 


log 10 PFU 


0 


1 


2 


3 


4 


5 


6 


R423 


43 


<1.0* 


<1.0 


<1.0 


1.1 


1.7 


1.0 


<1.0 


R073 




<1.0 


<1.0 


<1.0 


1.0 


1.0 


<1.0 


<1.0 


R364 




<1.0 


1.0 


<1D 


1.0 


1.0 


<1.0 


<1.0 


R756 


53 


<1.0 


1.0 


1.0 


1.6 


1.0 


<1.0 


<1.0 


R174 




<1.0 


13 


1.8 


1.6 


1.1 


<1.0 


<1.0 


R147 




<1.0 


ZO 


1.6 


1.0 


1.0 


<1.0 


<1.0 



35 •log 10 PFU/ml 



TABLE 14 



40 



45 



JE neutralizing antibody responses, rhesus monkeys immunized with 
CHLMERTVAX ™-JE (chimeric flavivirus vaccine comprising 
Japanese Encephalitis virus prM and E proteins) by the SC Route 
50% PRNT titers, heat-inactivated serum, no added complement 



Day 





Dose 




post-inoculation 


Monkey 


log 10 PFU 


Baseline 


15 


30 


R423 


43 


<10 


160 


2560 


R073 




<10 


80 


640 


R364 




<10 


160 


320 


R756 


53 


<10 


20 


320 


R174 




<10 


640 


2560 


R147 




<10 


160 


2560 



55 



TABLE 15 



Protection against IC challenge, rhesus monkeys immunized with 

dUMERIVAX ™-JE (chimeric flavivirus vaccine comprising 
Japanese Encephalitis virus prM and E proteins) by the SC route 
Monkeys challenged IC on Day 60 with 100,000 pfu/mouse LD50 



Vaccine Dose 
log xo PFU 



No. survived/ 
No. tested 



65 



4.3 
53 
Sham 



2/3 (67%) 
3/3 (100%) 
0/4(0%) 



*1 monkey that died was a pregnant female 
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33 



34 



TABLE 16 



List of chimeric YF/JE mutants (1 to 9) 
constructed to identify residues involved in attenuation of the CHEMERIVAX ™-JE 
(chimeric flavi virus vaccine comprising Japanese Encephalitis virus prM and E protein). 
Mutated amino acids on the E-p rote ins are shown in bold letters. 



Mutant Viruses 



Positions 


Nakayama 


ChimeriVax ™* 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


107 


L 


F 


L 


F 


F 


L 


L 


F 


L 


F 


L 


F 


L 


138 


E 


K 


K 


E 


K 


K 


E 


E 


E 


E 


E 


E 


E 


176 


I 


V 


V 


V 


I 


I 


V 


I 


I 


V 


V 


I 


I 


177 


T 


A 


A 


A 


T 


T 


A 


T 


T 


A 


A 


T 


T 


227 


P 


S 


S 


S 


S 


S 


S 


S 


S 


P 


P 


P 


P 


264 


Q 


H 


H 


H 


H 


H 


H 


H 


H 


Q 


Q 


Q 


Q 


279 


K 


M 


M 


M 


M 


M 


M 


M 


M 


K 


K 


K 


K 



* CHIMERIVAX ™-JE (chimeric flavi virus vaccine comprising Japanese Encephalitis virus prM 
and E proteins) 



TABLE 17 



Dose administered Lc (phi) 



Group 



PI 



P10 



Meat 
10- 1 



^6x 10 4 
*6x 10 3 



1 x 10* 
1 x 10 s 



PI 8 



2x 10 7 
2 x 10 a 



20 



25 



30 



TABLE 18 



Dose administered s.c. (pfu) 



Group 


RMS 


P10 


PI 8 


Neat 


2x 10 s 


2x 10 7 


3xl0 7 


10 s 


1 x 10 s 


5x 10 s 


5 xlO 4 


10 4 


1 x 10 4 


5 x 10* 


5 x 10 3 



TABLE 19 



Design of an experiment to determine cross-protection/interference between YF 17D and YF/JE SA 14 -14-2 

2 ad vaccine 



# of female 



ICR mice 


1" Vaccine* 


3 months 


6 months 


12 months 


8 


YF/JE SA l4 -14-2 


YF-VAX® 

(Yellow Fever 17D vaccine) 






8 


YF/JE SA 14 -14-2 




YF-VAX® 

(Yellow Fever 17D vaccine) 




8 


YF/JE SA 14 -14-2 






YF-VAX® 

(Yellow Fever 17D vaccine) 


8 


JE-VAX® 
(inactivated Japanese 
Encephalitis virus vaccine) 


YF-VAX® 

(Yellow Fever 17D vaccine) 






8 


JE-VAX ® 
(inactivated Japanese 
Encephalitis virus vaccine) 




YF-VAX® 

(Yellow Fever 17D vaccine) 




8 


JE-VAX® 
(inactivated Japanese 
Encephalitis virus vaccine) 






YF-VAX® 

(Yellow Fever 17D vaccine) 


8 


YF-VAX® 

(Yellow Fever 17D vaccine) 


YF/JE SA i4 -14-2 






8 


YF-VAX® 

(Yellow Fever 17D vaccine) 




YF/JE SA 14 -14-2 




8 


YF-VAX® 

(Yellow Fever 17D vaccine) 






YF/JE SA l4 -14-2 


4 




YF-VAX® 







(Yellow Fever 17D vaccine) 
YF/JE SA 14 -14-2 



YF-VAX® 

(Yellow Fever 17D vaccine) 
YF/JE SA 14 -14-2 



US 6,962,708 Bl 



35 



36 



TABLE 19-continued 



Design of an experiment to determine cross-protection/interference between YF 17D and YF/JE SA^-14-2 

# of female 2 nd vaccine 

ICR mice 1* Vaccine* 



3 months 



6 months 



12 months 



YF-VAX® 

(Yellow Fever 17D vaccine) 
YF/JE SA 14 -14-2 



'thie dose of YF/JE SA 14 -14-2, 53 log 1Q pfu/mousc, sc. 

One dose of YF-VAX ® (Yellow Fever 17D vaccine), 4.4 log 1( pfu/mousc, sc. 

Two doses of JE-VAX ® (inactivated Japanese Encephalitis virus vaccine) (PMC), 0.5 ml of 1:5 dilution administered ip at 1 week intervals. 



TABLE 20 



Engineering of YF/Flavivirus chimeras 





Chimeric 




y 


3' 


Sites 5 


Virus 


C/prM junction 1 


Chimeric E/NS1 junction 2 


ligation 3 


ligation 4 


eliminated or (created) 


YF/WN 


X-cactgggagagcttgaaggtc 
(SEQ ID NO: 14) 


aaagccagttgcagccgcggtttaa 
(SEQ ID NO:l5) 


Aatn 


NsQ 




YF/DEN-1 


X-aaggtagactggtgggctccc 
(SEQ ID NO:16) 


eatcctraetaccaaccecpetttaa 
(SEQ ED NO:17) 


AatU 


SphI 


SphI in DEN 


YF/DEN-2 


X-aaggtagaitggtgtgcattg 
(SEQ ID NO: 18) 


aaccctcagtaccacccgcggtttaa 
(SEQ ID NO:19) 


Aatn 


SphI 




YF/DEN-3 


X-aaggtgaattgaagtgctcta 
(SEQ ID NO: 20) 


acccccagcaccacccgcggtttaa 
(SEQ ID NO:21) 


AatU 


SphI 


Xhol in DEN 
(SphI in DEN) 


YF/DEN-4 


X-aaaaggaacagttgttctcta 
(SEQ ID NO: 22) 


acccgaagtgtcaaccgcg^tttaa 
(SEQ ED NO:23) 


AatU 


NsQ 




YF/SLE 


X-aacgtgaatagttggatagtc 
(SEQ ID NO:24) 


(SEQ ED N025) 


AatU 


SphI 


Aatn in SLE 


YF/MVE 


y-aafttrgnflHggtgg^ftggte 

(SEQ ID NO:26) 


gpirrggtgtnacagccgcg^jUiaa 
(SEQ ED NO:27) 


Aaul 


Agel 


(Agel in YF) 


YF/TBE 


X-tactgcgaacgacgttgccac 
(SEQ ID NO:28) 


actgggaacctcacccgcggtltaa 
(SEQ ED NO:29) 


Aaul 


Agel 


(Agel in YF) 



U2 The column illustrates the oligonucleotide used to generate chimeric YF/Flavivirus primers corresponding to the 
C/prM or E/NS1 junction. (See text). X - carboxyl terminal coding sequence of the YF capsid. The underlined region 
corresponds to the targeted heterologous sequence immediately upstream of the Narl site (antisense =■ ccgegg). This 
site allows insertion of PCR products into the Yfm5.2 (Narf) plasmid required for generating full-length cDNA tem- 
plates. Other nucleotides are specific to the heterologous virus. Oligonucleotide primers are listed 5' to 3'. 
* r4 Thc unique restriction sites used for creating restriction fragments that can be isolated and ligated in vitro to pro- 
duce full-length chimeric cDNA templates are listed. Because some sequences do not contain convenient sites, engi- 
neering of appropriate sites is required in some cases (footnote 5). 

5 In parentheses are the restriction enzyme sites that must be created either in the YF backbone or the heterologous 
virus to allow efficient in vitro ligation. Sites not in parentheses must be eliminated. All such modifications are done 
by silent mutagenesis of the cDNA for the respective done. Blank spaces indicate that no modification of the cDNA 
clones is required. 



TABLE 21 

Sequence comparison of Dengue- 2 and YF/Den-2-^g viruses 



PrM 



Virus 






28 




31 


55 




57 




125 




152 




161 




YF/02^3 






E 




V 


L 




R 




I 




A 




V 




PUO-218 






E 




V 


L 




R 




I 




A 




V 




NGC 






E 




V 


F 




R 




T 




A 




V 




PR-159(S1) 






K 




T 


F 




K 




T 




V 




I 




















ENVELOPE 














Virus 


71 


81 


126 


129 


139 


141 


162 


164 


202 


203 


335 


352 


390 


402 


484 


YF/D^a 


E 


S 


E 


V 


I 


V 


I 


V 


E 


N 


I 


I 


N 


F 


I 


PUO-218 


E 


S 


E 


V 




V 


I 


V 


E 


N 


I 


I 


N 


F 


I 


NGC 


D 


S 


K 


V 


I 


I 


I 


I 


E 


N 


I 


I 


N 


I 


V 


PR-159(S1) 


D 


T 


E 


I 


V 


I 


V 


I 


K 


D 


T 


T 


D 


F 


I 
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TABLE 22 



Summary of histopathology results, monkeys inoculated with YF-VAX ® 
(Yellow Fever 17D vaccine 1 ) or YF/JE SA14-14-2 by the IC route 

CHIMERIVAX ™-JE 
YF-VAX ® (chimeric fkvrvirus vaccine comprising 

fYellow Fever 17D vaccine") Japanese Encephalitis prM and E proteins) 

Discriminator Discriminator 





Discriminator 


plus target 




Discriminator 


plus target 


Monkey No. 


area score 


area score 


Monkey No. 


area score 


area score 


N030 


0.21 


0.64 


N191 


0 


0.17 


N492 


0.04 


0.36 


N290 


0.09 


0.06 


N479 


0 


0.17 


N431 


0.13 


0.09 


Group means 


0.08 


0.39 




0.07 


0.11 



TABLE 23 



List of initial chimeric YF/JE mutants constructed to identify residues 
involved in attenuation of the CHIMERIVAX ™-JE 
(chimeric flavivivirus vaccine comprising Japanese Encephalitis virus prM and E proteins). 
Reverted amino acids on the E-proteins are shown in BOLD 

CHIMERIVAX ™-JE 

(chimeric 
flavivivirus vaccine 
comprising Japanese 



Positions on Encephalitis virus MUTANT VIRUSES 



E-Protein 


Nakayama 


prM ai 


id E proteins) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


107 


L 




F 


L 


F 


F 


L 


L 


F 


L 


F 


L 


F 


L 


138 


E 




K 


K 


E 


K 


K 


E 


E 


E 


E 


E 


E 


E 


176 


I 




V 


V 


V 




I 


V 


I 




V 


V 


I 


I 


177 


T 




A 


A 


A 


T 


T 


A 


T 


T 


A 


A 


T 


T 


227 


P 




S 


S 


S 


S 


S 


S 


S 


S 


P 


P 


P 


P 


264 


Q 




H 


H 


H 


H 


H 


H 


H 


H 


Q 


Q 


Q 


Q 


279 


K 




M 


M 


M 


M 


M 


M 


M 


M 


K 


K 


K 


K 



TABLE 24 

40 

Experiment to determine neurovirulence and n euro invasiveness 
pheno types of vaccine candidates in suckling mice 



AGE OF MICE (DAYS) 



Virus Route 3 5 7 9 



YF/Den-2 LC 10 4 * 10 4 10* 10 4 50 

YF/JESA14-14-2 LC 10 4 10 4 10 4 10 4 



TABLE 24-continued 



Experiment to determine neurovirulence and neuroinvasiveness 
pheno types of vaccine candidates in suckling mice 



AGE OF MICE (DAYS) 



Virus Route 3 5 7 9 



YF 17D LP. 10 3 10 3 10 3 10 3 

MED + 5% FBS LC, LP. — — — — 



*PFU/0.02 ml of inoculum 



TABLE 25 



Summary of differences between virulent (AsCbf) and attenuated 
(17D. 17DD. RMS, and P18) yellow fever viruses 



Gene 


NT 


Asibi 


17D204US 


RMS 


P18 


17D204F 


17D213 


17DD 


AA 


C 


304 


G 


A 


A 


A 


A 


A 


A 






370 


T 


C 


C 


C 


C 


C 


C 




non-M 


643 


A 


A 






A 


A 


G 




M 


854 


C 


T 






T 


T 


T 


LF 




883 


A 


G 






G 


G 


A 




E 


1127 


G 


A 






A 


A 


A 


GR 




1140 


C 


T 






T 


T 


C 


AV 



39 



US 6,962,708 Bl 



TABLE 25 -continued 



Summary of differences between virulent (Asibi) and attenuated 



Gene 



NT 


Asibi 


17D204US 


RMS 


P18 


17D204F 


17D213 


17DD 


AA 


1431 


A 


A 


— 


— 


A 


C 


A 


NT 


1436 


G 


G 


— 


— 


G 


G 


A 


DS 


1437 


A 


A 


— 


— 


A 


A 


G 




1482 


C 


T 


— 


— 


T 


T 


T 


AV 


1491 


C 


T 


— 


— 


T 


T 


T 


Tl 


1558 


C 


C 


— 


— 


C 


C 


A 




1572 


A 


C 


— 


— 


C 


c 


C 


KT 


1750 


C 


T 


— 


— 


T 


T 


T 




1819 


C 


T 


— 


— 


T 


T 


T 




1870 


G 


A 


— 


— 


A 


A 


A 


MI 


1887 


C 


T 


— 


— 


T 


T 


T 


SF 


1946 


C 


T 


— 


— 


T 


T 


C 


PS 


1965 


A 


G 


— 


— 


G 


G 


G 


KR 


2110 


G 


G 


— 


— 


G 


G 


A 




2112 


C 


G 


— 


— 


G 


G 


G 


TR 


2142 


C 


A 


— 


— 


A 


A 


A 


PH 


2219 


G 


A 


— 


— 


A 


A 


G 


AT 


2220 


C 


C 


— 


— 


C 


C 


T 


Tl 


2356 


C 


T 


— 


— 


T 


T 


T 




2687 


C 


T 


T 


T 


T 


T 


T 


FL 


2704 


A 


G 


G 


G 


G 


G 


G 




3274 


G 


A 


A 


A 


A 


A 


A 




3371 


A 


G 


G 


G 


G 


G 


G 


VI 


3599 


T 


T 


T 


T 


T 


T 


C 




3613 


G 


A 


A 


A 


A 


A 


A 




3637 


C 


C 


C 


C 


C 


C 


T 




3817 


G,A 


G 


G 


G 


G 


G 


G 




3860 


A 


G 


G 


G 


G 


G 


G 


VM 


3915 


T, A 


T 


T 


T 


T 


T 


T 




4007 


A 


G 


G 


G 


G 


G 


G 


AT 


4013 


C 


T 


T 


T 


T 


T 


C 


FL 


4022 


A 


G 


G 


G 


G 


G 


G 


AT 


4025 


G 


G 


A 


A 


G 


G 


G 


VM 


4054 


C 


T 


T 


T 


T 


T 


C 




4056 


C 


T 


T 


T 


T 


T 


T 


FS 


4204 


C 


C 


C 


C 


C 


C 


T 




4289 


A 


C 


C 


C 


C 


C 


C 


II 


4387 


A 


G 


G 


G 


G 


G 


G 




4505 


A 


C 


C 


C 


C 


C 


C 


LE 


4507 


T 


C 


C 


C 


C 


C 


C 




4612 


T 


C 


C 


C 


C 


C 


T 




4864 


G, A 


G 


G 


G 


G 


G 


G 




4873 


T 


G 


G 


G 


G 


G 


T 




4942 


A 


A 


A 


A 


A 


A 


G 




4957 


C 


C 


C 


C 


C 


C 


T 




4972 


G 


G 


G 


G 


G 


G 


A 




5115 


A 


A 


A 


A 


A 


A 


G 


QR 


5131 


G,T 


G 


G 


G 


G 


G 


G 


MM, I 


5153 


A 


G 


G 


G 


G 


G 


A 


VI 


5194 


T 


C 


C 


C 


C 


C 


C 




5225 


A 


C 


C 


C 


C 


C 


C 




5362 


C 


C 


C 


C 


C 


T 


A 




5431 


C 


T 


T 


T 


T 


T 


T 




5461 


T 


T 


C 


C 


T 


T 


T 




5473 


C 


T 


T 


T 


T 


T 


T 




5641 


G 


A 


G 


G 


A 


G 


G 




6013 


C 


T 


T 


T 


T 


T 


T 




6023 


G 


A 


A 


A 


A 


A 


A 


ND 


6070 


C 


C 


C 


C 


C 


C 


T 




6448 


G 


T 


T 


T 


T 


T 


T 




6514 


T 


T 


T 


T 


T 


T 


C 




6529 


T 


C 


C 


C 


T 


T 


T 




6625 


A 


A 


A 


A 


A 


C 


C 




6758 


A 


G 


G 


G 


A 


A 


A 


VI 


6829 


T 


C 


C 


C 


C 


C 


C 




6876 


T 


C 


C 


C 


C 


C 


C 


AV 


7171 


A 


G 


G 


G 


G 


G 


G 


MI 


7319 


G 


G 


A 


A 


A 


A 


A 


EK 


7497 


T 


T 


T 


T 


T 


C 


T 


LS 


7571 


C 


A 


A 


A 


A 


A 


C 




7580 


T 


C 


C 


C 


C 


C 


C 


HY 


7642 


T 


C 


C 


C 


C 


C 


c 




7701 


A 


G 


G 


G 


G 


G 


A 


RQ 


7945 


C 


T 


T 


T 


T 


T 


T 





NSI 



os2b 



NS3 



NS3 



ns4a 



os4b 



NS5 
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TABLE 25 -continued 



Summary of differences between virulent (Asibi) and attenuated 
(17D, 17PD, RMS, and P18) yellow fever viruses 

Gene NT Asibi 17D204US RMS P18 17D204F 17D213 17DD AA 



7975 


C 


C 


c 


C 


c 


C 


T 




8008 


T 


C 


c 


C 


c 


c 


C 




8029 


T 


T 


T 


T 


T 


T 


C 




8212 


C 


C 


T 


T 


C 


C 


c 




8581 


A 


A 


C 


C 


A 


A 


A 




8629 


C 


T 


T 


T 


T 


T 


T 




8808 


A 


A 


A 


A 


A 


A 


G 


NS 


9397 


A 


A 


A 


A 


A 


A 


G 




9605 


A 


G 


G 


G 


A 


A 


A 


DN 


10075 


G,T 


G 


G 


G 


G 


G 


G 


MM, I 


10142 


G 


A 


A 


A 


A 


A 


A 


KE 


10243 


G 


A 


A 


A 


A 


A 


A 




10285 


T 


C 


C 


C 


C 


C 


C 




10312 


A 


G 


G 


G 


G 


G 


G 




10316 


T,C 


T 


T 


T 


T 


T 


T 


SS, P 


10339 


C 


G 


G 


G 


G 


G 


G 




10367 


T 


C 


C 


C 


C 


C 


C 




10418 


T 


C 


C 


C 


C 


C 


C 




10454 


A 


G 


A 


A 


A 


A 


A 




10550 


T 


C 


C 


C 


C 


C 


T 




10722 


G 


G 


G 


G 


A 


G 


G 




10800 


G 


A 


A 


A 


A 


A 


A 




10847 


A 


C 


C 


C 


C 


C 


C 





ST. nucleotide numbers are from the 5" terminus of the genome. Where clonal differences were 
present, both nucleotides as well as amino acids (if appropriate) are shown. If a nucleotide 
change results in an amino acid substitution, the amino acid (AA) is shown from left to right 
(e.g., from Asibi to 17D). 

— : The genes for prME in RMS (YF17D/JESA1 4-14-2) and P18 (passage 18 of the RMS) are 
from JEV strain SA14-14-2, and therefore are not comparable with YFV sequences. Sequences 
for Asibi are taken from Hahn ct at, 1987; 17D204US from Rice et al. 1985; and 17D204F 
from Dupuy et al. 1989. RMS and P18 are unpublished sequences (Ora Vax, Inc.), and 17D213 
and 17DD are from Duarte dos Santos et al. 1994. Note that there is no sequence difference 
between RMS and passage 18. There are 6 nucleotide differences (nucleotide positions are 
shaded) between the published YF17D sequence and RMS shown in bold tetters; changes in 
5461, 5641, 8212, and 8581 are silent and do not result in amino acid substitutions. Changes in 
positions 4025 and 7319 result in amino acid substitutions. 



Other Embodiments 

Other embodiments are within the following claims. For 
example, the prM-E protein genes of other flaviviruses of 
medical importance can be inserted into the yellow fever 
vaccine virus backbone to produce vaccines against other 
medically important flaviviruses (see, e.g., Monath et al., 
"Flaviviruses," in Virology, Fields (ed.), Raven-Iippincott, 
N.Y., 1995, Volume 1,961-1034). Examples of additional 
flaviviruses from which genes to be inserted into the chi- 
meric vectors of the invention can be obtained include, e.g., 
Kunjin, Central European Encephalitis, Russian Spring- 
Summer Encephalitis, Powassan, Kyasamir Forest Disease, 
and Omsk Hemorrhagic Fever viruses. In addition, genes 
from even more distantly related viruses can be inserted into 
the yellow fever vaccine virus to construct novel vaccines. 
Vaccine Production and Use 

The vaccines of the invention are administered in 
amounts, and by using methods, that can readily be deter- 
mined by persons of ordinary skill in this art The vaccines 
can be administered and formulated, for example, in the 
same manner as the yellow fever 17D vaccine, e.g., as a 
clarified suspension of infected chicken embryo tissue, or a 
fluid harvested from cell cultures infected with the chimeric 
yellow fever virus. Thus, the live, attenuated chimeric virus 
is formulated as a sterile aqueous solution containing 
between 100 and 1,000,000 infectious units (e.g., plaque- 
forming units or tissue culture infectious doses) in a dose 
volume of 0.1 to 1 .0 ml, to be administered by, for example, 
intramuscular, subcutaneous, or intradermal routes. In 



addition, because flaviviruses may be capable of infecting 
^ the human host via the mucosal routes, such as the oral route 
(Gresikova et al., "Tick-borne Encephalitis," In The 
Arboviruses, Ecology and Epidemiology, Monath (ed.), 
CRC Press, Boca Raton, Ha., 1988, Volume IV, 177-203), 
the vaccine virus can be administered by a mucosal route to 
achieve a protective immune response. The vaccine can be 
45 administered as a primary prophylactic agent in adults or 
children at risk of flavivirus infection. Hie vaccines can also 
be used as secondary agents for treating flavivirus- infected 
patients by stimulating an immune response against the 
flavivirus. 

50 It may be desirable to use the yellow fever vaccine vector 
system for immunizing a host against one virus (for 
example, Japanese Encephalitis virus) and to later reimmu- 
nize the same individual against a second or third virus using 
a different chimeric construct. A significant advantage of the 

55 chimeric yellow fever system is that the vector will not elicit 
strong immunity to itself. Nor will prior immunity to yellow 
fever virus preclude the use of the chimeric vaccine as a 
vector for heterologous gene expression. These advantages 
are due to the removal of the portion of the yellow fever 

60 vaccine E gene that encodes neutralizing (protective) anti- 
gens to yellow fever, and replacement with another, heter- 
ologous gene that does not provide cross-protection against 
yellow fever. Although YF 17D virus nonstructural proteins 
may play a role in protection, for example, by eliciting 

65 antibodies against NS1, which is involved in complement- 
dependent antibody mediated lysis of infected cells 
(Schlesinger et al., J. Immunology 135:2805-2809, 1985), 
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or by inducing cytotoxic T cell responses to NS3 or other are inserted into the vectors, for example, in place of the 

proteins of the virus, it is unlikely that these responses will gene encoding the prM-E protein. 

abrogate the ability of a live virus vaccine to stimulate Yellow fever 17D virus targets cells of the lymphoid and 

neutralizing antibodies. This is supported by the facts that reticuloendothelial systems, including precursors in bone 

(1) individuals who have been previously infected with JE 5 marrow, monocytes, macrophages, T cells, and B cells 

virus respond to vaccination with YF 17D similarly to (Monam, "Pamobiology of me maviviruses," pp. 375-425, 

persons without previous JE infection, and (2) individuals m Schlesinger & Schlesingei JEdsO, The Togavindae and 

who have previously received the YF 17D vaccine respond ^viviridae, Plenum Press, New York 1986). The yeUow 

to revaccination with a rise in neutralizing antibody titers fever 17D ™» thus naturally fcrgete cells involved in 

/c , 4 »ia ¥ *t* wjii urn cxn mco\ antigen presentation and immune stimulation. Replication of 

(Sweet et al., Am. J. Trop. Med. Hyg. 11:562-569 1962). 10 m ^ ^ hS ^ M expre ^ OQ of het . 

Thus, the chimeric vector can be used m populaUons that are erol ^ makes yellow fever 17D vaccine-virus an 

immune to yellow fever because of poor ^natural infection or ideal vector fof gene tbmpy or immunotherapy against 

vaccination, and can be used repeatedly, or to immunize cancers of the lymphoreticular system and leukemias, for 

simultaneously or sequentially with several different example. Additional advantages are that (1) the flavivirus 

constructs, including yellow fever chimeras with inserts 15 genome does not integrate into host cell DNA, (2) yellow 

from, for example, Japanese Encephalitis, St. Louis f eve r virus appears to persist in the host for prolonged 

Encephalitis, or West Nile viruses. periods, and (3) that heterologous genes can be inserted at 

For vaccine applications, adjuvants that are known to the 3' end of the yellow fever vector, as described above in 

those skilled in the art can be used. Adjuvants that can be the strategy for producing a Hepatitis C vaccine. Yellow 

used to enhance the immunogenicity of the chimeric vac- 20 fever 17D virus can be used as a vector carrying tumor 

cines include, for example, liposomal formulations, syn- antigens for induction of immune responses for cancer 

thetic adjuvants, such as saponins (e.g., QS21), muramyl immunotherapy. As a second application, yellow fever 17D 

dipeptide, monophosphoryl lipid A, or polyphosphazine. can be used to target lymphoreticular tumors and express 

Although these adjuvants are typically used to enhance heterologous genes that have anti-tumor effects, including 

immune responses to inactivated vaccines, they can also be 25 cytokines, such as TNF-alpha. As a third application, yellow 

used with live vaccines. In the case of a chimeric vaccine fever 17D can be used to target heterologous genes to bone 

delivered via a mucosal route, for example, orally, mucosal marrow to direct expression of bioactive molecules required 

adjuvants such as the heat-labile toxin of E. coli (LI) or to treat hematologic diseases, such as, for example, neutro- 

mutant derivations of LT are useful adjuvants. In addition, penia; an example of a bioactive molecule that can be used 

genes encoding cytokines that have adjuvant activities can 30 in such an application is GM-CSF, but other appropriate 

be inserted into the yellow fever vectors. Thus, genes bioactive molecules can be selected by those skilled in the 

encoding cytokines, such as GM-CSF, 11^2, IL-12, IL-13, or art 

IL-5, can be inserted together with heterologous flavivirus An additional advantage of the yellow fever vector system 

genes to produce a vaccine that results in enhanced immune is that flaviviruses replicate in the cytoplasm of cells, so that 

responses, or to modulate immunity directed more specifi- 35 the virus replication strategy does not involve integration of 

cally towards cellular, humoral, or mucosal responses. the viral genome into the host cell (Chambers et al., "Fla- 

In addition to vaccine applications, as one skilled in the vi virus Genome Organization, Expression, and 

art can readily understand, the vectors of the invention can Replication," in Annual Review of Microbiology 

be used in gene therapy methods to introduce therapeutic 44:649-688, 1990), providing an important safety measure, 

gene products into a patient's cells and in cancer therapy. In 40 All references cited herein are incorporated by reference 

these methods, genes encoding therapeutic gene products in their entirety. 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS: 29 

<210> SEQ ID NO 1 
<211> LENGTH: 1983 
<212> TYPE: DNA 

<2 13> ORGANISM: Dengue- 2 virus 

<220> FEATURE : 

<221> NAME/ KEY: CDS 

<222> LOCATION: (1)...<1983) 

<400> SEQUENCE: 1 

ttc cat eta acc aca cgt aac gga gaa cca cac atg ate gtc agt aga 48 

Phe His Leu Thr Tfar Arg Asn Gly Glu Pro His Met lie Val Ser Arg 

15 10 15 

caa gag aaa ggg aaa agt ctt ttg ttt aaa aca gag gat ggc gtg aac 96 
Gin Glu Lys Gly Lys Ser Leu Leu Phe Lye Thr Glu Asp Gly Val Asn 
20 25 30 



atg tgc acc etc atg gee atg gac ctt ggt gaa ttg tgt gaa gac aca 144 
Met Cys Thr Leu Met Ala Met Asp Leu Gly Glu Leu Cys Glu Asp Thr 
35 40 45 
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ate acg tac aag tgt ccc ctt etc agg cag aat gag cca gaa gac ata 192 
lie Thr Tyr Lys Cye Pro Leu Leu Arg Gin Asn Glu Fro Glu Asp He 
50 55 60 

gac tgc tgg tgc aac tec acg tec acg tgg gta ace tat ggg act tgt 240 
Asp Cys Trp Cye Asn Ser Thr Ser Thr Trp Val Thr Tyr Gly Thr Cys 
65 70 75 80 

acc ace acg gga gaa cat aga aga gaa aaa aga tea gtg gca etc gtt 288 
Thr Thr Thr Gly Glu His Arg Arg Glu Lys Arg Ser Val Ala Leu Val 
85 90 95 

cca cat gtg gga atg gga ctg gag acg cga act gaa aca tgg atg tea 336 
Pro His Val Gly Met Gly Leu Glu Thr Arg Thr Glu Thr Trp Met Ser 
100 105 110 

tea gaa ggg get tgg aaa cat gee cag aga att gaa att tgg ate ctg 384 
Ser Glu Gly Ala Trp Lys His Ala Gin Arg He Glu He Trp He Leu 
115 120 125 

aga cat cca ggc ttc acc ata atg gca gca ate ctg gca tac acc ata 432 
Arg His Pro Gly Phe Thr He Met Ala Ala He Leu Ala Tyr Thr He 
130 135 140 

ggg acg aca cat ttc cag aga gca ctg att ttc ate tta ctg aca get 480 
Gly Thr Thr His Phe Gin Arg Ala Leu He Phe He Leu Leu Thr Ala 
145 150 155 160 

gtc get cct tea atg aca atg cgt tgc ata gga ata tea aat aga gac 528 
Val Ala Pro Ser Met Thr Met Arg Cys He Gly He Ser Asn Arg Asp 
165 170 175 

ttt gta gaa ggg gtt tea gga gga age tgg gtt gac ata gtc tta gaa 576 
Phe Val Glu Gly Val Ser Gly Gly Ser Trp Val Asp He Val Leu Glu 
180 185 190 

cat gga age tgt gtg acg acg atg gca aaa aac aaa cca aca ttg gat 624 
His Gly Ser Cys Val Thr Thr Met Ala Lys Asn Lys Pro Thr Leu Asp 
195 200 205 

ttt gaa ctg ata aaa aca gaa gee aaa cag cct gec acc eta agg aag 672 
Phe Glu Leu He Lys Thr Glu Ala Lys Gin Pro Ala Thr Leu Arg Lys 
210 215 220 

tac tgt ata gag gca aag eta acc aac aca aca aca gaa tct cgt tgc 720 
Tyr Cys He Glu Ala Lye Leu Thr Asn Thr Thr Thr Glu Ser Arg Cys 
225 230 235 240 

cca aca caa ggg gaa ccc age eta aat gaa gag cag gat aaa agg ttc 768 
Pro Thr Gin Gly Glu Pro Ser Leu Asn Glu Glu Gin Asp Lys Arg Phe 
245 250 255 

gtc tgc aaa cac tec atg gta gac aga gga tgg gga aat gga tgt gga 816 
Val Cys Lys His Ser Met Val Asp Arg Gly Trp Gly Asn Gly Cys Gly 
260 265 270 

tta ttt gga aag gga ggc att gtg acc tgt get atg ttc aca tgc aaa 864 
Leu Phe Gly Lys Gly Gly He Val Thr Cys Ala Met Phe Thr Cys Lys 
275 280 285 

aag aac atg gag gga aaa gtt gtg cag cca gaa aac ttg gaa tac acc 912 
Lys Asn Met Glu Gly Lys Val Val Gin Pro Glu Asn Leu Glu Tyr Thr 
290 295 300 

att gtg gta aca ccc cac tea ggg gaa gag cat gcg gtc gga aat gac 960 
He Val Val Thr Pro His Ser Gly Glu Glu His Ala Val Gly Asn Asp 
305 310 315 320 

aca gga aaa cat ggc aag gaa ate aaa gta aca cca cag agt tec ate 1008 
Thr Gly Lys His Gly Lys Glu He Lys Val Thr Pro Gin Ser Ser He 
325 330 335 

aca gaa gca gaa ttg aca ggt tat ggc act gtc acg atg gag tgc tct 1056 
Thr Glu Ala Glu Leu Thr Gly Tyr Gly Thr Val Thr Met Glu Cys Ser 
340 345 350 

ccg aga aca ggc etc gac ttc aat gag atg gtg ttg ctg cag atg gaa 1104 
Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val Leu Leu Gin Met Glu 
355 360 365 
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-continued 



aat aaa get tgg ctg gtg cat agg caa tgg ttc eta gac ctg ccg tta 
Asn Lys Ala Trp Leu Val His Arg Gin Trp Phe Leu Asp Leu Fro Leu 
370 375 380 

cca tgg ctg ccc gga gcg gac aca caa ggg tea aat tgg ata caa aaa 
Pro Trp Leu Pro Gly Ala Asp Thr Gin Gly Ser Asn Trp lie Gin Lys 
385 390 395 400 

gaa aca ttg gtc act ttc aaa aat cct cat gcg aag aaa cag gat gtt 
Glu Thr Leu Val Thr Phe Lys Asn Pro His Ala Lys Lys Gin Asp Val 
405 410 415 

gtt gtt tta gga tec caa gaa ggg gee atg cac aca gca etc aca ggg 
Val Val Leu Gly Ser Gin Glu Gly Ala Met His Thr Ala Leu Thr Gly 
420 425 430 



gee aca gaa ate caa atg tea tea gga aac tta etc ttc aca gga cat 
Ala Thr Glu lie Gin Met Ser Ser Gly Asn Leu Leu Phe Thr Gly His 
435 440 445 



1344 



etc aag tgc agg ctg aga atg gac aag eta cag etc aaa gga atg tea 

Leu Lys Cys Arg Leu Arg Met Asp Lys Leu Gin Leu Lys Gly Met Ser 

450 455 460 

tac tct atg tgc aca gga aag ttt aaa gtt gtg aag gaa ata gca gaa 

Tyr Ser Met Cys Thr Gly Lys Phe Lys Val Val Lys Glu He Ala Glu 

465 470 475 480 

aca caa cat gga aca ata gtt ate agg gtg cag tat gaa ggg gac ggc 

Thr Gin His Gly Thr He Val He Arg Val Gin Tyr Glu Gly Asp Gly 

485 490 495 



tct cca tgt aaa ate cct ttt gag ata atg gat ttg gaa aaa aga cat 
Ser Pro Cye Lys He Pro Phe Glu He Met Asp Leu Glu Lys Arg His 
500 505 510 



1536 



gtc tta ggt cgc ctg ate aca gtc aac cca att gtg aca gaa aaa gat 
Val Leu Gly Arg Leu He Thr Val Asn Pro He Val Thr Glu Lys Asp 
515 520 525 



age cca gtc aac ata gaa gca gaa cct cca ttc gga gac age tac ate 
Ser Pro Val Asn He Glu Ala Glu Pro Pro Phe Gly Asp Ser Tyr He 
530 535 540 



1632 



ate ata gga gta gag ccg gga caa ctg aag etc aac tgg ttt aag aaa 

He He Gly Val Glu Pro Gly Gin Leu Lys Leu Asn Trp Phe Lys Lys 

545 550 555 560 

gga agt tct ate ggc caa atg ttt gag aca aca atg agg ggg gcg aag 

Gly Ser Ser He Gly Gin Met Phe Glu Thr Thr Met Arg Gly Ala Lys 

565 570 575 

aga atg gee att ttg ggt gac aca gee tgg gat ttt gga tec ctg gga 

Arg Met Ala He Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Leu Gly 

580 585 590 

gga gtg ttt aca tct ata gga aaa gee etc cac caa gtc ttt gga gca 

Gly Val Phe Thr Ser He Gly LyB Ala Leu His Gin Val Phe Gly Ala 

595 600 605 

ate tat gga get gee ttc agt ggg gtc tea tgg act atg aaa ate etc 

He Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp Thr Met Lys He Leu 
610 615 620 

ata gga gtc att ate aca tgg ata gga atg aat tea cgc age acc tea 

He Gly Val He He Thr Trp He Gly Met Asn Ser Arg Ser Thr Ser 

625 630 635 640 

ctg tct gtg tea eta gta ttg gtg gga gtc gtg acg ctg tat ttg gga 

Leu Ser Val Ser Leu Val Leu Val Gly Val Val Thr Leu Tyr Leu Gly 

645 650 655 



gtt atg gtg ggc gee 
Val Met Val Gly Ala 
660 



<210> SEQ ID NO 2 
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<211> LENGTH: 661 
<212> TYPE: PRT 

<2 13> ORGANISM: Dengue- 2 virus 
<400> SEQUENCE: 2 

Phe Hie Leu Thr Thr Arg Asn Gly Glu Pro His Met. lie Val Ser Arg 
15 10 15 

Gin Glu Lys Gly Lye Ser Leu Leu Phe Lys Thr Glu Asp Gly Val Asn 
20 25 30 

Met Cys Thr Leu Met Ala Met Asp Leu Gly Glu Leu Cys Glu Asp Thr 
35 40 45 

lie Thr Tyr Lye Cye Pro Leu Leu Arg Gin Asn Glu Pro Glu Asp He 
50 55 60 

Asp Cys Trp Cys Asn Ser Thr Ser Thr Trp Val Thr Tyr Gly Thr Cys 
65 70 75 80 

Thr Thr Thr Gly Glu Hia Arg Arg Glu Lys Arg Ser Val Ala Leu Val 
85 90 95 

Pro His Val Gly Met Gly Leu Glu Thr Arg Thr Glu Thr Trp Met Ser 
100 105 110 

Ser Glu Gly Ala Trp Lys His Ala Gin Arg He Glu lie Trp He Leu 
115 120 125 

Arg His Pro Gly Phe Thr He Met Ala Ala He Leu Ala Tyr Thr He 
130 135 140 

Gly Thr Thr His Phe Gin Arg Ala Leu He Phe He Leu Leu Thr Ala 
145 150 155 160 

Val Ala Pro Ser Met Thr Met Arg Cys He Gly He Ser Asn Arg Asp 
165 170 175 

Phe Val Glu Gly Val Ser Gly Gly Ser Trp Val Asp He Val Leu Glu 
180 185 190 

His Gly Ser Cys Val Thr Thr Met Ala Lys Asn Lys Pro Thr Leu Asp 
195 200 205 

Phe Glu Leu He Lys Thr Glu Ala Lys Gin Pro Ala Thr Leu Arg Lys 
210 215 220 

Tyr Cys He Glu Ala Lys Leu Thr Asn Thr Thr Thr Glu Ser Arg Cys 
225 230 235 240 

Pro Thr Gin Gly Glu Pro Ser Leu Asn Glu Glu Gin Asp Lys Arg Phe 
245 250 255 

Val Cys Lys His Ser Met Val Asp Arg Gly Trp Gly Asn Gly CyB Gly 
260 265 270 

Leu Phe Gly Lys Gly Gly He Val Thr Cys Ala Met Phe Thr Cys Lys 
275 280 285 

Lys Asn Met Glu Gly Lys Val Val Gin Pro Glu Asn Leu Glu Tyr Thr 
290 295 300 

He Val Val Thr Pro His Ser Gly Glu Glu His Ala Val Gly Asn Asp 
305 310 315 320 

Thr Gly Lys His Gly Lys Glu He Lys Val Thr Pro Gin Ser Ser He 
325 330 335 

Thr Glu Ala Glu Leu Thr Gly Tyr Gly Thr Val Thr Met Glu Cys Ser 
340 345 350 

Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val Leu Leu Gin Met Glu 
355 360 365 

Asn Lys Ala Trp Leu Val His Arg Gin Trp Phe Leu Asp Leu Pro Leu 
370 375 380 



Pro Trp Leu Pro Gly Ala Asp Thr Gin Gly Ser Asn Trp He Gin Lye 
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385 



390 



395 



400 



Glu Thr Leu Val Thr Phe Lys Asn Pro His Ala Lys Lys Gin Asp Val 
405 410 415 

Val Val Leu Gly Ser Gin Glu Gly Ala Net His Thr Ala Leu Thr Gly 
420 425 430 

Ala Thr Glu He Gin Met Ser Ser Gly Asn Leu Leu Phe Thr Gly His 
435 440 445 

Leu Lys Cys Arg Leu Arg Met Asp Lys Leu Gin Leu Lys Gly Met Ser 
450 455 460 

Tyr Ser Met Cys Thr Gly Lys Phe Lys Val Val Lys Glu He Ala Glu 
465 470 475 480 

Thr Gin His Gly Thr He Val He Arg Val Gin Tyr Glu Gly Asp Gly 
485 490 495 

Ser Pro Cys Lys He Pro Phe Glu He Met Asp Leu Glu Lys Arg His 
500 505 510 

Val Leu Gly Arg Leu He Thr Val Asn Pro He Val Thr Glu Lys Asp 
515 520 525 

Ser Pro Val Asn He Glu Ala Glu Pro Pro Phe Gly Asp Ser Tyr He 
530 535 540 

He He Gly Val Glu Pro Gly Gin Leu Lys Leu Asn Trp Phe Lys Lys 
545 550 555 560 

Gly Ser Ser He Gly Gin Met Phe Glu Thr Thr Met Arg Gly Ala Lys 
565 570 575 

Arg Met Ala He Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Leu Gly 
580 585 590 

Gly Val Phe Thr Ser He Gly Lys Ala Leu His Gin Val Phe Gly Ala 
595 600 605 

He Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp Thr Met Lys He Leu 
610 615 620 

He Gly Val He He Thr Trp He Gly Met Asn Ser Arg Ser Thr Ser 
625 630 635 640 

Leu Ser Val Ser Leu Val Leu Val Gly Val Val Thr Leu Tyr Leu Gly 
645 650 655 

Val Met Val Gly Ala 



<210> SEQ ID HO 3 
<211> LENGTH: 7 
<212> TYPE: PRT 

<213> ORGANISM: Japanese Encephalitis virus 

<400> SEQUENCE: 3 

Tyr Ala Gly Ala Met Lys Leu 
1 5 



<210> SEQ ID NO 4 
<211> LENGTH: 7 
<212> TYPE: PRT 

<213> ORGANISM: Yellow Fever virus 

<400> SEQUENCE: 4 

Met Thr Gly Gly Val Thr Leu 
1 5 



660 



<210> SEQ ID NO 5 
<211> LENGTH: 7 
<2 12> TYPE: PRT 
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-continued 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: derived from Japanese Encephalitis virus and 
Yellow Fever virus 

<400> SEQUENCE: 5 

Met Thr Gly Gly Met Lys Leu 
1 5 



<210> SEQ ID NO 6 
<211> LENGTH: 7 
<212> TYPE: PRT 

<213> ORGANISM: Japanese Encephalitis virus 

<400> SEQUENCE: 6 

Asn Lys Arg Gly Gly Asn Glu 



<210> SEQ ID NO 7 
<211> LENGTH: 7 
<212> TYPE: PRT 

<213> ORGANISM: Yellow Fever virus 

<400> SEQUENCE: 7 

Lys Arg Arg Ser His Asp Val 
1 5 



<210> SEQ ID NO 8 
<211> LENGTH: 7 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : derived from Yellow Fever Virus and Japanese 
Encephalitis Virus 

<400> SEQUENCE : 8 

Lys Arg Arg Ser His Asp Val 



<210> SEQ ID NO 9 
<211> LENGTH: 10 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Japanese Encephalitis virus 
<400> SEQUENCE: 9 

Thr Asn Val His Ala Asp Thr Gly Cys Ala 
15 10 



<210> SEQ ID NO 10 
<211> LENGTH: 10 
<212> TYPE: PRT 

<213> ORGANISM: Yellow Fever virus 
<400> SEQUENCE: 10 

Leu Gly Val Gly Ala Asp Gin Gly Cys Ala 
15 10 



<210> SEQ ID NO 11 
<211> LENGTH: 10 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: derived from Japanese Encephalitis virus and 
Yellow Fever virus 



1 



5 



1 



5 



<400> SEQUENCE: 11 
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Thr Asn Vol Gly Ala Asp Gin Gly Cys Ala 
15 10 



<210> SEQ ID NO 12 

<211> LENGTH: 10892 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: derived from Japanese Encephalitis virus and 

Yellow Fever virus 

<221> NAME /KEY: CDS 

<222> LOCATION: ( 119 )...( 10381 ) 

<400> SEQUENCE: 12 

agtaaatcct gtgtgctaat tgaggtgcat tggtctgcaa atcgagttgc taggcaataa 60 

acacatttgg attaatttta atcgttcgtt gagcgattag cagagaactg accagaac 118 

atg tct ggt cgt aaa get cag gga aaa acc ctg ggc gtc aat atg gta 166 
Met Ser Gly Arg Lys Ala Gin Gly Lys Thr Leu Gly Val Asn Met Val 
15 10 15 

cga cga gga gtt cgc tec ttg tea aac aaa ata aaa caa aaa aca aaa 214 
Arg Arg Gly Val Arg Ser Leu Ser Asn Lys lie Lys Gin Lys Thr Lys 
20 25 30 

caa att gga aac aga cert gga cct tea aga ggt gtt caa gga ttt ate 262 
Gin lie Gly Asn Arg Pro Gly Pro Ser Arg Gly Val Gin Gly Phe He 
35 40 45 

ttt ttc ttt ttg ttc aac att ttg act gga aaa aag ate aca gec cac 310 
Phe Phe Phe Leu Phe Asn He Leu Thr Gly Lys Lys He Thr Ala His 
50 55 60 

eta aag agg ttg tgg aaa atg ctg gac cca aga caa ggc ttg get gtt 358 
Leu Lys Arg Leu Trp Lys Met Leu Asp Pro Arg Gin Gly Leu Ala Val 
65 70 75 80 

eta agg aaa gtc aag aga gtg gtg gee agt ttg atg aga gga ttg tec 406 
Leu Arg Lys Val Lys Arg Val Val Ala Ser Leu Met Arg Gly Leu Ser 
85 90 95 

tea agg aaa cgc cgt tec cat gat gtt ctg act gtg caa ttc eta att 454 
Ser Arg Lys Arg Arg Ser His Asp Val Leu Thr Val Gin Phe Leu He 
100 105 110 

ttg gga atg ctg ttg atg acg ggt gga atg aag ttg teg aat ttc cag 502 
Leu Gly Met Leu Leu Met Thr Gly Gly Met Lys Leu Ser Asn Phe Gin 
115 120 125 

ggg aag ctt ttg atg acc ate aac aac acg gac att gca gac gtt ate 550 
Gly Lys Leu Leu Met Thr He Asn Asn Thr Asp He Ala Asp Val He 
130 135 140 

gtg att ccc acc tea aaa gga gag aac aga tgt tgg gtt egg gca ate 598 
Val He Pro Thr Ser Lys Gly Glu Asn Arg Cys Trp Val Arg Ala He 
145 150 155 160 

gac gtc ggc tac atg tgt gag gac act ate acg tac gaa tgt cct aag 646 
Asp Val Gly Tyr Met Cys Glu Asp Thr He Thr Tyr Glu Cys Pro Lys 
165 170 175 

ctt acc atg ggc aat gat cca gag gat gtg gat tgc tgg tgt gac aac 694 
Leu Thr Met Gly Asn Asp Pro Glu Asp Val Asp Cys Trp Cys Asp Asn 
180 185 190 

caa gaa gtc tac gtc caa tat gga egg tgc acg egg acc agg cat tec 742 
Gin Glu Val Tyr Val Gin Tyr Gly Arg Cys Thr Arg Thr Arg HiB Ser 
195 200 205 

aag cga age agg aga tec gtg teg gtc caa aca cat ggg gag agt tea 790 
Lys Arg Ser Arg Arg Ser Val Ser Val Gin Thr His Gly Glu Ser Ser 
210 215 220 



eta gtg aat aaa aaa gag get tgg ctg gat tea acg aaa gee aca cga 
Leu Val Asn Lys Lys Glu Ala Trp Leu Asp Ser Thr Lys Ala Thr Arg 
225 230 235 240 



838 
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tat etc atg aaa act gag aac tgg ate ata agg aat cct ggc tat get 
Tyr Leu Met Lys Thr Glu Asn Trp lie lie Arg Asn Pro Gly Tyr Ala 
245 250 255 

ttc ctg gcg gcg gta ctt ggc tgg atg ctt ggc agt aac aac ggt caa 
Phe Leu Ala Ala Val Leu Gly Trp Met Leu Gly Ser Asn Asn Gly Gin 
260 265 270 



cgc gtg gta ttt ace ate etc ctg ctg ttg gtc get ccg get tac agt 
Arg Val Val Phe Thr lie Leu Leu Leu Leu Val Ala Pro Ala Tyr Ser 
275 280 285 



982 



ttt aat tgt ctg gga atg ggc aat cgt gac ttc ata gaa gga gee agt 
Phe Asn Cys Leu Gly Met Gly Asn Arg Asp Phe lie Glu Gly Ala Ser 
290 295 300 



1030 



ggg gec act tgg gtg gac ttg gtg eta gaa gga gac age tgc ttg aca 

Gly Ala Thr Trp Val Asp Leu Val Leu Glu Gly Asp Ser Cys Leu Thr 
305 310 315 320 

ate atg gca aac gac aaa cca aca ttg gac gtc cgc atg att aac ate 

lie Met Ala Asn Asp Lys Pro Thr Leu Asp Val Arg Met He Asn He 
325 330 335 

gaa get age caa ctt get gag gtc aga agt tac tgc tat cat get tea 

Glu Ala Ser Gin Leu Ala Glu Val Arg Ser Tyr Cys Tyr His Ala Ser 
340 345 350 

gtc act gac ate teg acg gtg get egg tgc ccc acg act gga gaa gee 

Val Thr Asp He Ser Thr Val Ala Arg Cys Pro Thr Thr Gly Glu Ala 

355 360 365 



cac aac gag aag cga get gat agt age tat gtg tgc aaa caa ggc ttc 
His Asn Glu Lys Arg Ala Asp Ser Ser Tyr Val Cys Lys Gin Gly Phe 
370 375 380 



1270 



act gac cgt ggg tgg ggc aac gga tgt gga ttt ttc ggg aag gga age 
Thr Asp Arg Gly Trp Gly Asn Gly Cys Gly Phe Phe Gly Lys Gly Ser 
385 390 395 400 



1318 



att gac aca tgt gca aaa ttc tec tgc acc agt aaa gcg att ggg aga 
He Asp Thr Cys Ala Lys Phe Ser Cys Thr Ser Lys Ala He Gly Arg 
405 410 415 



1366 



aca ate cag cca gaa aac ate aaa tac aaa gtt ggc att ttt gtg cat 
Thr He Gin Pro Glu Asn He Lys Tyr Lys Val Gly He Phe Val His 
420 425 430 

gga acc acc act teg gaa aac cat ggg aat tat tea gcg caa gtt ggg 
Gly Thr Thr Thr Ser Glu Asn His Gly Asn Tyr Ser Ala Gin Val Gly 
435 440 445 



gcg tec cag gcg gca aag ttt aca gta aca ccc aat get cct teg gta 
Ala Ser Gin Ala Ala LyB Phe Thr Val Thr Pro Asn Ala Pro Ser Val 
450 455 460 



1510 



gec etc aaa ctt ggt gac tac gga gaa gtc aca ctg gac tgt gag cca 
Ala Leu Lys Leu Gly Asp Tyr Gly Glu Val Thr Leu Asp Cys Glu Pro 
465 470 475 480 

agg agt gga ctg aac act gaa gcg ttt tac gtc atg acc gtg ggg tea 
Arg Ser Gly Leu Asn Thr Glu Ala Phe Tyr Val Met Thr Val Gly Ser 
485 490 495 



aag tea ttt ctg gtc cat agg gag tgg ttt cat gac etc get etc ccc 
Lys Ser Phe Leu Val His Arg Glu Trp Phe Hie Asp Leu Ala Leu Pro 
500 505 510 



1654 



tgg acg tec cct teg age aca gcg tgg aga aac aga gaa etc etc atg 
Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg Asn Arg Glu Leu Leu Met 
515 520 525 



1702 



gaa ttt gaa ggg gcg cac gee aca aaa cag tec gtt gtt get ctt ggg 
Glu Phe Glu Gly Ala His Ala Thr Lys Gin Ser Val Val Ala Leu Gly 
530 535 540 



1750 



tea cag gaa gga ggc etc cat cat gcg ttg gca gga gec ate gtg gtg 
Ser Gin Glu Gly Gly Leu His His Ala Leu Ala Gly Ala He Val Val 



1798 
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545 



550 



555 



560 



gag tac tea age tea gtg atg tta aca tea ggc cac ctg aaa tgt agg 
Glu Tyr Ser Ser Ser Val Net Leu Thr Ser Gly His Leu Lys Cys Arg 
565 570 575 



1846 



ctg aaa atg gac aaa ctg get ctg aaa ggc aca ace tat ggc atg tgt 
Leu Lys Met Asp Lys Leu Ala Leu Lys Gly Thr Thr Tyr Gly Met Cya 
580 585 590 



1894 



aca gaa aaa ttc teg ttc gcg aaa aat ccg gtg gac act ggt cac gga 
Thr Glu Lys Fhe Ser Phe Ala Lys Asn Pro Val Asp Thr Gly His Gly 
595 600 605 



1942 



aca gtt gtc att gaa etc tec tac tct ggg agt gat ggc ccc tgc aaa 
Thr Val Val lie Glu Leu Ser Tyr Ser Gly Ser Asp Gly Pro Cys Lys 
610 615 620 

att ccg att gtt tec gtt gcg age etc aat gac atg ace ccc gtt ggg 
lie Pro lie Val Ser Val Ala Ser Leu Asn Asp Met Thr Pro Val Gly 
625 630 635 640 



egg ctg gtg aca gtg aac ccc ttc gtc gcg act tec agt gee aac tea 
Arg Leu Val Thr Val Asn Pro Phe Val Ala Thr Ser Ser Ala Asn Ser 
645 650 655 



2086 



aag gtg ctg gtc gag atg gaa ccc ccc ttc gga gac tec tac ate gta 
Lys Val Leu Val Glu Met Glu Pro Pro Phe Gly Asp Ser Tyr lie Val 
660 665 670 



2134 



gtt gga agg gga gac aag cag ate aac cac cat tgg cac aaa get gga 
Val Gly Arg Gly Asp Lys Gin lie Asn His His Trp His Lys Ala Gly 
675 680 . 685 



age acg ctg ggc aag gee ttt tea aca act ttg aag gga get caa aga 
Ser Thr Leu Gly Lys Ala Phe Ser Thr Thr Leu Lys Gly Ala Gin Arg 
690 695 700 



2230 



ctg gca gcg ttg ggc gac aca gec tgg gac ttt ggc tct att gga ggg 
Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser lie Gly Gly 
705 710 715 720 

gtc ttc aac tec at a gga aga gec gtt cac caa gtg ttt ggt ggt gec 
Val Phe Asn Ser lie Gly Arg Ala Val His Gin Val Phe Gly Gly Ala 
725 730 735 

ttc aga aca etc ttt ggg gga atg tct tgg ate aca caa ggg eta atg 
Phe Arg Thr Leu Phe Gly Gly Met Ser Trp lie Thr Gin Gly Leu Met 
740 745 750 



ggt gee eta ctg etc tgg atg ggc gtc aac gca cga gac cga tea att 
Gly Ala Leu Leu Leu Trp Met Gly Val Asn Ala Arg Asp Arg Ser lie 
755 760 765 



2422 



get ttg gec ttc tta gee aca gga ggt gtg etc gtg ttc tta gcg acc 
Ala Leu Ala Phe Leu Ala Thr Gly Gly Val Leu Val Phe Leu Ala Thr 
770 775 780 



2470 



aat gtg ggc gee gat caa gga tgc gee ate aac ttt ggc aag aga gag 
Asn Val Gly Ala Asp Gin Gly Cys Ala lie Asn Phe Gly Lys Arg Glu 
785 790 795 800 



etc aag tgc gga gat ggt ate ttc ata ttt aga gac tct gat gac tgg 
Leu Lys Cys Gly Asp Gly lie Phe lie Phe Arg Asp Ser Asp Asp Trp 
805 810 815 



2566 



ctg aac aag tac tea tac tat cca gaa gat cert gtg aag ctt gca tea 
Leu Asn Lys Tyr Ser Tyr Tyr Pro Glu Asp Pro Val Lys Leu Ala Ser 
820 825 830 



2614 



ata gtg aaa gee tct ttt gaa gaa ggg aag tgt ggc eta aat tea gtt 
He Val Lys Ala Ser Phe Glu Glu Gly Lys Cys Gly Leu Asn Ser Val 
835 840 845 



2662 



gac tec ctt gag cat gag atg tgg aga age agg gca gat gag ate aat 
Asp Ser Leu Glu His Glu Met Trp Arg Ser Arg Ala Asp Glu He Asn 
850 855 860 



2710 



gee att ttt gag gaa aac gag gtg gac att tct gtt gtc gtg cag gat 
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Ala lie Phe Glu Glu Asn Glu Val Asp lie Ser Val Val Val Gin Asp 
865 870 875 880 

cca aag aat gtt tac cag aga gga act cat cca ttt tec aga att egg 2806 
Pro Lye Asn Val Tyr Gin Arg Gly Thr His Pro Phe Ser Arg lie Arg 
885 890 895 

gat ggt ctg cag tat ggt tgg aag act tgg ggt aag aac ctt gtg ttc 2854 
Asp Gly Leu Gin Tyr Gly Trp Lys Thr Trp Gly Lys Asn Leu Val Phe 
900 905 910 

tec cca ggg agg aag aat gga age ttc ate ata gat gga aag tec agg 2902 
Ser Pro Gly Arg Lys Asn Gly Ser Phe lie He Asp Gly Lys Ser Arg 
915 920 925 

aaa gaa tgc ccg ttt tea aac egg gtc tgg aat tct ttc cag ata gag 2950 
Lys Glu Cys Pro Phe Ser Asn Arg Val Trp Asn Ser Phe Gin He Glu 
930 935 940 

gag ttt ggg acg gga gtg ttc ace aca cgc gtg tac atg gac gca gtc 2998 
Glu Phe Gly Thr Gly Val Phe Thr Thr Arg Val Tyr Met Asp Ala Val 
945 950 955 960 

ttt gaa tac acc ata gac tgc gat gga tct ate ttg ggt gca gcg gtg 3046 
Phe Glu Tyr Thr He Asp Cys Asp Gly Ser He Leu Gly Ala Ala Val 
965 970 975 

aac gga aaa aag agt gec cat ggc tct cca aca ttt tgg atg gga agt 3094 
Asn Gly Lys Lys Ser Ala His Gly Ser Pro Thr Phe Trp Met Gly Ser 
980 985 990 

cat gaa gta aat ggg aca tgg atg ate cac acc ttg gag gca tta gat 3142 
His Glu Val Asn Gly Thr Trp Met He His Thr Leu Glu Ala Leu Asp 
995 1000 1005 

tac aag gag tgt gag tgg cca ctg aca cat acg att gga aca tea gtt 3190 
Tyr Lys Glu Cys Glu Trp Pro Leu Thr His Thr He Gly Thr Ser Val 
1010 1015 1020 

gaa gag agt gaa atg ttc atg ccg aga tea ate gga ggc cca gtt age 3238 
Glu Glu Ser Glu Met Phe Met Pro Arg Ser He Gly Gly Pro Val Ser 
1025 1030 1035 1040 

tct cac aat cat ate cct gga tac aag gtt cag acg aac gga cct tgg 3286 
Ser His Asn His He Pro Gly Tyr Lys Val Gin Thr Asn Gly Pro Trp 
1045 1050 1055 

atg cag gta cca eta gaa gtg aag aga gaa get tgc cca ggg act age 3334 
Met Gin Val Pro Leu Glu Val Lys Arg Glu Ala Cys Pro Gly Thr Ser 
1060 1065 1070 

gtg ate att gat ggc aac tgt gat gga egg gga aaa tea acc aga tec 3382 
Val He He Asp Gly Asn Cys Asp Gly Arg Gly Lys Ser Thr Arg Ser 
1075 1080 1085 

acc acg gat age ggg aaa gtt att cct gaa tgg tgt tgc cgc tec tgc 3430 
Thr Thr Asp Ser Gly Lys Val He Pro Glu Trp Cys Cys Arg Ser Cys 
1090 1095 1100 

aca atg ccg cct gtg age ttc cat ggt agt gat ggg tgt tgg tat ccc 3478 
Thr Met Pro Pro Val Ser Phe His Gly Ser Asp Gly Cys Trp Tyr Pro 
1105 1110 1115 1120 

atg gaa att agg cca agg aaa acg cat gaa age cat ctg gtg cgc tec 3526 
Met Glu He Arg Pro Arg Lys Thr His Glu Ser His Leu Val Arg Ser 
1125 1130 1135 

tgg gtt aca get gga gaa ata cat get gtc cct ttt ggt ttg gtg age 3574 
Trp Val Thr Ala Gly Glu He His Ala Val Pro Phe Gly Leu Val Ser 
1140 1145 1150 

atg atg ata gca atg gaa gtg gtc eta agg aaa aga cag gga cca aag 3622 
Met Met He Ala Met Glu Val Val Leu Arg Lys Arg Gin Gly Pro Lys 
1155 1160 1165 

caa atg ttg gtt gga gga gta gtg etc ttg gga gca atg ctg gtc ggg 3670 
Gin Met Leu Val Gly Gly Val Val Leu Leu Gly Ala Met Leu Val Gly 
1170 1175 1180 
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caa gta act etc ctt gat ttg ctg aaa etc aca gtg get gtg gga ttg 
Gin Val Tfar Leu Leu Asp Leu Leu Lys Leu Tor Val Ala Val Gly Leu 
1185 1190 1195 1200 



3718 



cat ttc cat gag atg aac aat gga gga gac gec atg tat atg gcg ttg 
His Phe His Glu Met Asn Asn Gly Gly Asp Ala Met Tyr Met Ala Leu 
1205 1210 1215 



3766 



att get gec ttt tea ate aga cca ggg ctg etc ate ggc ttt ggg etc 
lie Ala Ala Phe Ser lie Arg Pro Gly Leu Leu lie Gly Phe Gly Leu 
1220 1225 1230 



agg ace eta tgg age cct egg gaa cgc ctt gtg ctg ace eta gga gca 
Arg Thr Leu Trp Ser Pro Arg Glu Arg Leu Val Leu Thr Leu Gly Ala 
1235 1240 1245 



3862 



gee atg gtg gag att gec ttg ggt ggc gtg atg ggc ggc ctg tgg aag 
Ala Met Val Glu lie Ala Leu Gly Gly Val Met Gly Gly Leu Trp Lys 
1250 1255 1260 



3910 



tat eta aat gca gtt tct etc tgc ate ctg aca ata aat get gtt get 
Tyr Leu Asn Ala Val Ser Leu Cys lie Leu Thr lie Asn Ala Val Ala 
1265 1270 1275 1280 



3958 



tct agg aaa gca tea aat ace ate ttg ccc etc atg get ctg ttg aca 
Ser Arg Lys Ala Ser Asn Thr lie Leu Pro Leu Met Ala Leu Leu Thr 
1285 1290 1295 

cct gtc act atg get gag gtg aga ctt gee gca atg ttc ttt tgt gec 
Pro Val Thr Met Ala Glu Val Arg Leu Ala Ala Met Phe Phe Cys Ala 
1300 1305 1310 



atg gtt ate ata ggg gtc ctt cac cag aat ttc aag gac acc tec atg 
Met Val lie lie Gly Val Leu His Gin Asn Phe Lys Asp Thr Ser Met 
1315 1320 1325 



4102 



cag aag act ata cct ctg gtg gec etc aca etc aca tct tac ctg ggc 
Gin Lys Thr He Pro Leu Val Ala Leu Thr Leu Thr Ser Tyr Leu Gly 
1330 1335 1340 



4150 



ttg aca caa cct ttt ttg ggc ctg tgt gca ttt ctg gca acc cgc ata 
Leu Thr Gin Pro Phe Leu Gly Leu Cys Ala Phe Leu Ala Thr Arg He 
1345 1350 1355 1360 

ttt ggg cga agg agt ate cca gtg aat gag gca etc gca gca get ggt 
Phe Gly Arg Arg Ser lie Pro Val Asn Glu Ala Leu Ala Ala Ala Gly 
1365 1370 1375 

eta gtg gga gtg ctg gca gga ctg get ttt cag gag atg gag aac ttc 
Leu Val Gly Val Leu Ala Gly Leu Ala Phe Gin Glu Met Glu Asn Phe 
1380 1385 1390 



ctt ggt ccg att gca gtt gga gga etc ctg atg atg ctg gtt age gtg 
Leu Gly Pro He Ala Val Gly Gly Leu Leu Met Met Leu Val Ser Val 
1395 1400 1405 



4342 



get ggg agg gtg gat ggg eta gag etc aag aag ctt ggt gaa gtt tea 
Ala Gly Arg Val Asp Gly Leu Glu Leu Lys Lys Leu Gly Glu Val Ser 
1410 1415 1420 



4390 



tgg gaa gag gag gcg gag ate age ggg agt tec gee cgc tat gat gtg 
Trp Glu Glu Glu Ala Glu He Ser Gly Ser Ser Ala Arg Tyr Asp Val 
1425 1430 1435 1440 



4438 



gca etc agt gaa caa ggg gag ttc aag ctg ctt tct gaa gag aaa gtg 

Ala Leu Ser Glu Gin Gly Glu Phe Lys Leu Leu Ser Glu Glu Lys Val 
1445 1450 1455 

cca tgg gac cag gtt gtg atg acc teg ctg gee ttg gtt ggg get gee 

Pro Trp Asp Gin Val Val Met Thr Ser Leu Ala Leu Val Gly Ala Ala 
1460 1465 1470 

etc cat cca ttt get ctt ctg ctg gtc ctt get ggg tgg ctg ttt cat 

Leu His Pro Phe Ala Leu Leu Leu Val Leu Ala Gly Trp Leu Phe His 

1475 1480 1485 



gtc agg gga get agg aga agt ggg gat gtc ttg tgg gat att ccc act 
Val Arg Gly Ala Arg Arg Ser Gly Asp Val Leu Trp Asp He Pro Thr 
1490 1495 1500 



US 6,962,708 Bl 



65 



66 



-continued 



cct aag ate ate gag gaa tgt gaa cat ctg gag gat ggg att tat ggc 
Pro Lys lie He Glu Glu Cys Glu His Leu Glu Asp Gly He Tyr Gly 
1505 1510 1515 1520 

ata ttc cag tea ace ttc ttg ggg gec tec cag cga gga gtg gga gtg 
He Phe Gin Ser Thr Phe Leu Gly Ala Ser Gin Arg Gly Val Gly Val 
1525 1530 1535 

gca cag gga ggg gtg ttc cac aca atg tgg cat gtc aca aga gga get 
Ala Gin Gly Gly Val Phe His Thr Met Trp His Val Thr Arg Gly Ala 
1540 1545 1550 

ttc ctt gtc agg aat ggc aag aag ttg att cca tct tgg get tea gta 
Phe Leu Val Arg Asn Gly Lys Lys Leu He Pro Ser Trp Ala Ser Val 
1555 1560 1565 

aag gaa gac ctt gtc gee tat ggt ggc tea tgg aag ttg gaa ggc aga 
Lys Glu Asp Leu Val Ala Tyr Gly Gly Ser Trp Lys Leu Glu Gly Arg 
1570 1575 1580 

tgg gat gga gag gaa gag gtc cag ttg ate gcg get gtt cca gga aag 
Trp Asp Gly Glu Glu Glu Val Gin Leu He Ala Ala Val Pro Gly Lys 
1585 1590 1595 1600 

aac gtg gtc aac gtc cag aca aaa ccg age ttg ttc aaa gtg agg aat 
Asn Val Val Asn Val Gin Thr Lys Pro Ser Leu Phe Lys Val Arg Asn 
1605 1610 1615 



ggg gga gaa ate ggg get gtc get ctt gac tat ccg agt ggc act tea 
Gly Gly Glu He Gly Ala Val Ala Leu Asp Tyr Pro Ser Gly Thr Ser 
1620 1625 1630 



5014 



gga tct cct att gtt aac agg aac gga gag gtg att ggg ctg tac ggc 
Gly Ser Pro He Val Asn Arg Asn Gly Glu Val He Gly Leu Tyr Gly 
1635 1640 1645 



aat ggc ate ctt gtc ggt gac aac tec ttc gtg tec gee ata tec cag 
Asn Gly He Leu Val Gly Asp Asn Ser Phe Val Ser Ala He Ser Gin 
1650 1655 1660 



5110 



act gag gtg aag gaa gaa gga aag gag gag etc caa gag ate ccg aca 
Thr Glu Val Lys Glu Glu Gly Lys Glu Glu Leu Gin Glu He Pro Thr 
1665 1670 1675 1680 



atg eta aag aaa gga atg aca act gtc ctt gat ttt cat cct gga get 
Met Leu Lys Lys Gly Met Thr Thr Val Leu Asp Phe His Pro Gly Ala 
1685 1690 1695 



5206 



ggg aag aca aga cgt ttc etc cca cag ate ttg gee gag tgc gca egg 
Gly Lys Thr Arg Arg Phe Leu Pro Gin He Leu Ala Glu Cys Ala Arg 
1700 1705 1710 



aga cgc ttg cgc act ctt gtg ttg gec ccc acc agg gtt gtt ctt tct 
Arg Arg Leu Arg Thr Leu Val Leu Ala Pro Thr Arg Val Val Leu Ser 
1715 1720 1725 



5302 



gaa atg aag gag get ttt cac ggc ctg gac gtg aaa ttc cac aca cag 
Glu Met Lys Glu Ala Phe His Gly Leu Asp Val Lys Phe His Thr Gin 
1730 1735 1740 

get ttt tec get cac ggc age ggg aga gaa gtc att gat gee atg tgc 
Ala Phe Ser Ala His Gly Ser Gly Arg Glu Val He Asp Ala Met Cys 
1745 1750 1755 1760 



cat gec acc eta act tac agg atg ttg gaa cca act agg gtt gtt aac 
His Ala Thr Leu Thr Tyr Arg Met Leu Glu Pro Thr Arg Val Val Asn 
1765 1770 1775 



5446 



tgg gaa gtg ate att atg gat gaa gee cat ttt ttg gat cca get age 
Trp Glu Val He He Met Asp Glu Ala His Phe Leu Asp Pro Ala Ser 
1780 1785 1790 



5494 



ata gee get aga ggt tgg gca gcg cac aga get agg gca aat gaa agt 
He Ala Ala Arg Gly Trp Ala Ala His Arg Ala Arg Ala Asn Glu Ser 
1795 1800 1805 



5542 



gca aca ate ttg atg aca gee aca ccg cct ggg act agt gat gaa ttt 
Ala Thr He Leu Met Thr Ala Thr Pro Pro Gly Thr Ser Asp Glu Phe 



5590 
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1810 



1815 



1820 



cca cat tea aat ggt gaa at a gaa gat gtt caa acg gac at a ccc agt 
Pro His Ser Aan Gly Glu lie Glu Asp Val Gin Thr Asp lie Pro Ser 
1825 1830 1835 1840 



5638 



gag ccc tgg aac aca ggg cat gac tgg ate ctg get gac aaa agg ccc 
Glu Pro Trp Asn Thr Gly His Asp Trp lie Leu Ala Asp Lys Arg Pro 
1845 1850 1855 



5686 



acg gca tgg ttc ctt cca tec ate aga get gca aat gtc atg get gee 
Thr Ala Trp Phe Leu Pro Ser lie Arg Ala Ala Asn Val Met Ala Ala 
1860 1865 1870 



5734 



tct ttg cgt aag get gga aag agt gtg gtg gtc ctg aac agg aaa ace 
Ser Leu Arg Lys Ala Gly Lys Ser Val Val Val Leu Asn Arg Lys Thr 
1875 1880 1885 



ttt gag aga gaa tac ccc acg at a aag cag aag aaa cct gac ttt at a 
Phe Glu Arg Glu Tyr Pro Thr lie Lys Gin Lys Lys Pro Asp Phe lie 
1890 1895 1900 



5830 



ttg gec act gac ata get gaa atg gga gec aac ctt tgc gtg gag eg a 
Leu Ala Thr Asp lie Ala Glu Met Gly Ala Asn Leu Cys Val Glu Arg 
1905 1910 1915 1920 



5878 



gtg ctg gat tgc agg acg get ttt aag cct gtg ctt gtg gat gaa ggg 
Val Leu Asp Cys Arg Thr Ala Phe Lys Pro Val Leu Val Asp Glu Gly 
1925 1930 1935 



5926 



agg aag gtg gca ata aaa ggg cca ctt cgt ate tec gca tec tct get 
Arg Lys Val Ala lie Lys Gly Pro Leu Arg lie Ser Ala Ser Ser Ala 
1940 1945 1950 



get caa agg agg ggg cgc att ggg aga aat ccc aac aga gat gga gac 
Ala Gin Arg Arg Gly Arg lie Gly Arg Asn Pro Asn Arg Asp Gly Asp 
1955 1960 1965 



6022 



tea tac tac tat tct gag cct aca agt gaa aat aat gec cac cac gtc 
Ser Tyr Tyr Tyr Ser Glu Pro Thr Ser Glu Asn Asn Ala His His Val 
1970 1975 1980 



6070 



tgc tgg ttg gag gec tea atg etc ttg gac aac atg gag gtg agg ggt 
Cys Trp Leu Glu Ala Ser Met Leu Leu Asp Asn Met Glu Val Arg Gly 
1985 1990 1995 2000 



gga atg gtc gee cca etc tat ggc gtt gaa gga act aaa aca cca gtt 
Gly Met Val Ala Pro Leu Tyr Gly Val Glu Gly Thr Lys Thr Pro Val 
2005 2010 2015 



6166 



tec cct ggt gaa atg aga ctg agg gat gac cag agg aaa gtc ttc aga 
Ser Pro Gly Glu Met Arg Leu Arg Asp Asp Gin Arg Lys Val Phe Arg 
2020 2025 2030 



gaa eta gtg agg aat tgt gac ctg ccc gtt tgg ctt teg tgg caa gtg 
Glu Leu Val Arg Asn Cys Asp Leu Pro Val Trp Leu Ser Trp Gin Val 
2035 2040 2045 



6262 



gee aag get ggt ttg aag acg aat gat cgt aag tgg tgt ttt gaa ggc 
Ala Lys Ala Gly Leu Lys Thr Asn Asp Arg Lys Trp Cys Phe Glu Gly 
2050 2055 2060 



6310 



cct gag gaa cat gag ate ttg aat gac age ggt gaa aca gtg aag tgc 
Pro Glu Glu His Glu lie Leu Abu Asp Ser Gly Glu Thr Val Lys Cys 
2065 2070 2075 2080 



6358 



agg get cct gga gga gca aag aag cct ctg cgc cca agg tgg tgt gat 
Arg Ala Pro Gly Gly Ala Lys Lys Pro Leu Arg Pro Arg Trp Cys Asp 
2085 2090 2095 



6406 



gaa agg gtg tea tct gac cag agt gcg ctg tct gaa ttt att aag ttt 
Glu Arg Val Ser Ser Asp Gin Ser Ala Leu Ser Glu Phe lie Lys Phe 
2100 2105 2110 



6454 



get gaa ggt agg agg gga get get gaa gtg eta gtt gtg ctg agt gaa 
Ala Glu Gly Arg Arg Gly Ala Ala Glu Val Leu Val Val Leu Ser Glu 
2115 2120 2125 



6502 



etc cct gat ttc ctg get aaa aaa ggt gga gag gca atg gat acc ate 



6550 
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Leu Pro Asp Phe Leu Ala Lys Lys Gly Gly Glu Ala Met Asp Thr lie 
2130 2135 2140 

agt gtg ttc etc cac tct gag gaa ggc tct agg get tac cgc aat gca 

Ser Val Phe Leu His Ser Glu Glu Gly Ser Arg Ala Tyr Arg Asn Ala 

2145 2150 2155 2160 



eta tea atg atg cct gag gca atg aca at a gtc atg ctg ttt at a ctg 
Leu Ser Met Met Pro Glu Ala Met Thr lie Val Met Leu Phe lie Leu 
2165 2170 ~ 2175 



6646 



get gga eta ctg aca teg gga atg gtc ate ttt ttc atg tct ccc aaa 
Ala Gly Leu Leu Thr Ser Gly Met Val He Phe Phe Met Ser Pro Lys 
2180 2185 2190 



6694 



ggc ate agt aga atg tct atg gcg atg ggc aca atg gec ggc tgt gga 
Gly He Ser Arg Met Ser Met Ala Met Gly Thr Met Ala Gly Cys Gly 
2195 2200 2205 



6742 



tat etc atg ttc ctt gga ggc gtc aaa ccc act cac ate tec tat gtc 
Tyr Leu Met Phe Leu Gly Gly Val Lys Pro Thr His He Ser Tyr Val 
2210 2215 2220 



6790 



atg etc ata ttc ttt gtc ctg atg gtg gtt gtg ate ccc gag cca ggg 
Met Leu He Phe Phe Val Leu Met Val Val Val He Pro Glu Pro Gly 
2225 2230 2235 2240 



caa caa agg tec ate caa gac aac caa gtg gca tac etc att att ggc 
Gin Gin Arg Ser He Gin Asp Asn Gin Val Ala Tyr Leu He He Gly 
2245 2250 2255 



6886 



ate ctg acg ctg gtt tea gcg gtg gca gec aac gag eta ggc atg ctg 
He Leu Thr Leu Val Ser Ala Val Ala Ala Asn Glu Leu Gly Met Leu 
2260 2265 2270 

gag aaa acc aaa gag gac etc ttt ggg aag aag aac tta att cca tct 
Glu Lys Thr Lys Glu Asp Leu Phe Gly Lys Lys Asn Leu He Pro Ser 
2275 2280 2285 

agt get tea ccc tgg agt tgg ccg gat ctt gac ctg aag cca gga get 
Ser Ala Ser Pro Trp Ser Trp Pro Asp Leu Asp Leu Lys Pro Gly Ala 
2290 2295 2300 



gec tgg aca gtg tac gtt ggc att gtt aca atg etc tct cca atg ttg 
Ala Trp Thr Val Tyr Val Gly He Val Thr Met Leu Ser Pro Met Leu 
2305 2310 2315 2320 



7078 



cac cac tgg ate aaa gtc gaa tat ggc aac ctg tct ctg tct gga ata 
His His Trp He Lys Val Glu Tyr Gly Asn Leu Ser Leu Ser Gly He 
2325 2330 2335 



7126 



gec cag tea gee tea gtc ctt tct ttc atg gac aag ggg ata cca ttc 
Ala Gin Ser Ala Ser Val Leu Ser Phe Met Asp Lys Gly He Pro Phe 
2340 2345 2350 



7174 



atg aag atg aat ate teg gtc ata atg ctg ctg gtc agt ggc tgg aat 
Met Lys Met Asn He Ser Val He Met Leu Leu Val Ser Gly Trp Asn 
2355 2360 2365 



tea ata aca gtg atg cct ctg etc tgt ggc ata ggg tgc gec atg etc 
Ser He Thr Val Met Pro Leu Leu Cys Gly He Gly Cys Ala Met Leu 
2370 2375 2380 



7270 



cac tgg tct etc att tta cct gga ate aaa gcg cag cag tea aag ctt 
His Trp Ser Leu He Leu Pro Gly He Lys Ala Gin Gin Ser Lys Leu 
2385 2390 2395 2400 



7318 



gca cag aga agg gtg ttc cat ggc gtt gee aag aac cct gtg gtt gat 

Ala Gin Arg Arg Val Phe His Gly Val Ala Lys Asn Pro Val Val Asp 
2405 2410 2415 

ggg aat cca aca gtt gac att gag gaa get cct gaa atg cct gee ctt 

Gly Asn Pro Thr Val Asp He Glu Glu Ala Pro Glu Met Pro Ala Leu 
2420 2425 2430 



tat gag aag aaa ctg get eta tat etc ctt ctt get etc age eta get 
Tyr Glu Lys Lys Leu Ala Leu Tyr Leu Leu Leu Ala Leu Ser Leu Ala 
2435 2440 2445 
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tct gtt gcc atg tgc aga acg ccc ttt tea ttg get gaa ggc att gtc 7510 
Ser Val Ala Met Cys Arg Thr Pro Phe Ser Leu Ala Glu Gly lie Val 
2450 2455 2460 

eta gca tea get gcc tta ggg ccg etc ata gag gga aac acc age ctt 7558 
Leu Ala Ser Ala Ala Leu Gly Pro Leu He Glu Gly Asn Thr Ser Leu 
2465 2470 2475 2480 

ctt tgg aat gga ccc atg get gtc tec atg aca gga gtc atg agg ggg 7606 
Leu Trp Asn Gly Pro Met Ala Val Ser Met Thr Gly Val Met Arg Gly 
2485 2490 2495 

aat cac tat get ttt gtg gga gtc atg tac aat eta tgg aag atg aaa 7654 
Asn His Tyr Ala Phe Val Gly Val Met Tyr Asn Leu Trp Lys Met Lys 
2500 2505 2510 

act gga cgc egg ggg age gcg aat gga aaa act ttg ggt gaa gtc tgg 7702 
Thr Gly Arg Arg Gly Ser Ala Asn Gly Lys Thr Leu Gly Glu Val Trp 
2515 2520 2525 

aag agg gaa ctg aat ctg ttg gac aag cga cag ttt gag ttg tat aaa 7750 
LyB Arg Glu Leu Asn Leu Leu Asp Lys Arg Gin Phe Glu Leu Tyr Lys 
2530 2535 2540 

agg acc gac att gtg gag gtg gat cgt gat acg gca cgc agg cat ttg 7798 
Arg Thr Asp He Val Glu Val Asp Arg Asp Thr Ala Arg Arg H1b Leu 
2545 2550 2555 2560 

gcc gaa ggg aag gtg gac acc ggg gtg gcg gtc tec agg ggg acc gca 7846 
Ala Glu Gly Lys Val Asp Thr Gly Val Ala Val Ser Arg Gly Thr Ala 
2565 2570 2575 

aag tta agg tgg ttc cat gag cgt ggc tat gtc aag ctg gaa ggt agg 7894 
Lys Leu Arg Trp Phe His Glu Arg Gly Tyr Val Lys Leu Glu Gly Arg 
2580 2585 2590 

gtg att gac ctg ggg tgt ggc cgc gga ggc tgg tgt tac tac get get 7942 
Val He Asp Leu Gly Cys Gly Arg Gly Gly Trp Cye Tyr Tyr Ala Ala 
2595 2600 2605 

gcg caa aag gaa gtg agt ggg gtc aaa gga ttt act ctt gga aga gac 7990 
Ala Gin Lye Glu Val Ser Gly Val Lys Gly Phe Thr Leu Gly Arg Asp 
2610 2615 2620 

ggc cat gag aaa ccc atg aat gtg caa agt ctg gga tgg aac ate ate 8038 
Gly His Glu Lys Pro Met Asn Val Gin Ser Leu Gly Trp Asn He He 
2625 2630 2635 2640 

acc ttc aag gac aaa act gat ate cac cgc eta gaa cca gtg aaa tgt 8086 
Thr Phe Lys Asp Lys Thr Asp He His Arg Leu Glu Pro Val Lys Cys 
2645 2650 2655 

gac acc ctt ttg tgt gac att gga gag tea tea teg tea teg gtc aca 8134 
Asp Thr Leu Leu Cys Asp He Gly Glu Ser Ser Ser Ser Ser Val Thr 
2660 2665 2670 

gag ggg gaa agg acc gtg aga gtt ctt gat act gta gaa aaa tgg ctg 8182 
Glu Gly Glu Arg Thr Val Arg Val Leu Asp Thr Val Glu Lys Trp Leu 
2675 2680 2685 

get tgt ggg gtt gac aac ttc tgt gtg aag gtg tta get cca tac atg 8230 
Ala Cys Gly Val Asp Asn Phe Cys Val Lys Val Leu Ala Pro Tyr Met 
2690 2695 2700 

cca gat gtt ctt gag aaa ctg gaa ttg etc caa agg agg ttt ggc gga 8278 
Pro Asp Val Leu Glu Lys Leu Glu Leu Leu Gin Arg Arg Phe Gly Gly 
2705 2710 2715 2720 

aca gtg ate agg aac cct etc tec agg aat tec act cat gaa atg tac 8326 
Thr Val He Arg Asn Pro Leu Ser Arg Asn Ser Thr His Glu Met Tyr 
2725 2730 2735 

tac gtg tct gga gcc cgc age aat gtc aca ttt act gtg aac caa aca 8374 
Tyr Val Ser Gly Ala Arg Ser Asn Val Thr Phe Thr Val Asn Gin Thr 
2740 2745 2750 

tec cgc etc ctg atg agg aga atg agg cgt cca act gga aaa gtg acc .8422 
Ser Arg Leu Leu Met Arg Arg Met Arg Arg Pro Thr Gly Lys Val Thr 
2755 2760 2765 
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ctg gag get gac gtc ate etc cca att ggg aca cgc agt gtt gag aca 
Leu Glu Ala Asp Val lie Leu Pro lie Gly Thr Arg Ser Val Glu Thr 
2770 2775 2780 



gac aag gga ccc ctg gac aaa gag gee ata gaa gaa agg gtt gag agg 
Asp Lye Gly Pro Leu Asp Lys Glu Ala lie Glu Glu Arg Val Glu Arg 
2785 2790 2795 2800 



8518 



ata aaa tct gag tac atg acc tct tgg ttt tat gac aat gac aac ccc 
lie Lye Ser Glu Tyr Met Thr Ser Trp Phe Tyr Asp Asn Asp Asn Pro 
2805 2810 2815 

tac agg acc tgg cac tac tgt ggc tec tat gtc aca aaa acc tec gga 
Tyr Arg Thr Trp His Tyr Cys Gly Ser Tyr Val Thr Lys Thr Ser Gly 
2820 ?ft?R oata 



2830 



8566 



8614 



agt gcg gcg age atg gta aat ggt gtt att aaa att ctg aca tat cca 
Ser Ala Ala Ser Met Val Asn Gly Val lie Lys lie Leu Thr Tyr Pro 
2835 2840 2845 



tgg gac agg ata gag gag gtc aca aga atg gca atg act gac aca acc 
Trp Asp Arg lie Glu Glu Val Thr Arg Met Ala Met Thr Asp Thr Thr 
2850 2855 2860 



8710 



cct ttt gga cag caa aga gtg ttt aaa gaa aaa gtt gac acc aga gca 
Pro Phe Gly Gin Gin Arg Val Phe Lys Glu Lys Val Asp Thr Arg Ala 
2865 2870 2875 2880 



8758 



aag gat cca cca gcg gga act agg aag ate atg aaa gtt gtc aac agg 
Lye Asp Pro Pro Ala Gly Thr Arg Lys lie Met Lys Val Val Asn Arg 
2885 2890 2895 



tgg ctg ttc cgc cac ctg gec aga gaa aag 
Trp Leu Phe Arg His Leu Ala Arg Glu Lys 
2900 2905 



ccc aga ctg tgc aca 
Pro Arg Leu Cys Thr 
2910 



aag gaa gaa ttt att gca aaa gtc cga agt cat gca gee att gga get 
Lys Glu Glu Phe lie Ala Lys Val Arg Ser His Ala Ala lie Gly Ala 
2915 2920 2925 

tac ctg gaa gaa caa gaa cag tgg aag act gec aat gag get gtc caa 
Tyr Leu Glu Glu Gin Glu Gin Trp Lys Thr Ala Asn Glu Ala Val Gin 
2930 2935 2940 



gac cca aag ttc tgg gaa ctg gtg gat gaa gaa agg aag ctg cac caa 
Asp Pro Lys Phe Trp Glu Leu Val Asp Glu Glu Arg Lys Leu His Gin 
2945 2950 2955 2960 



8998 



caa ggc agg tgt egg act tgt gtg tac aac atg atg ggg aaa aga gag 
Gin Gly Arg Cys Arg Thr Cys Val Tyr Asn Met Met Gly Lys Arg Glu 
2965 2970 2975 



aag aag ctg tea gag ttt ggg aaa gca aag gga age cgt gec ata tgg 
Lys Lys Leu Ser Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala lie Trp 
2980 2985 2990 



9094 



tat atg tgg ctg gga gcg egg tat ctt gag ttt gag gec ctg gga ttc 
Tyr Met Trp Leu Gly Ala Arg Tyr Leu Glu Phe Glu Ala Leu Gly Phe 
2995 3000 3005 

ctg aat gag gac cat tgg get tec agg gaa aac tea gga gga gga gtg 
Leu Asn Glu Asp His Trp Ala Ser Arg Glu Asn Ser Gly Gly Gly Val 
3010 3015 3020 



gaa ggc att ggc tta caa tac eta gga tat gtg ate aga gac ctg get 
Glu Gly lie Gly Leu Gin Tyr Leu Gly Tyr Val lie Arg Asp Leu Ala 
3025 3030 3035 3040 



9238 



gca atg gat ggt ggt gga ttc tac gcg gat gac acc get gga tgg gac 
Ala Met Asp Gly Gly Gly Phe Tyr Ala Asp Asp Thr Ala Gly Trp Asp 
3045 3050 3055 

acg cgc ate aca gag gca gac ctt gat gat gaa cag gag ate ttg aac 
Thr Arg lie Thr Glu Ala Asp Leu Asp Asp Glu Gin Glu lie Leu Asn 
3060 3065 3070 



tac atg age cca cat cac aaa aaa ctg gca caa gca gtg atg gaa atg 
Tyr Met Ser Pro His His Lys Lys Leu Ala Gin Ala Val Met Glu Met 
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3075 



3080 



3085 



aca tac aag aac aaa gtg gtg aaa gtg ttg aga cca gcc cca gga ggg 
Thr Tyr Lys Asn Lys Val Val Lys Val Leu Arg Pro Ala Pro Gly Gly 
3090 3095 3100 



9430 



aaa gcc tac atg gat gtc ata agt cga cga gac cag aga gga tec ggg 
Lys Ala Tyr Met Asp Val lie Ser Arg Arg Asp Gin Arg Gly Ser Gly 
3105 3110 3115 3120 

cag gta gtg act tat get ctg aac acc ate acc aac ttg aaa gtc caa 
Gin Val Val Thr Tyr Ala Leu Asn Thr lie Thr Asn Leu Lys Val Gin 
3125 3130 3135 



ttg ate aga atg gca gaa gca gag atg gtg ata cat cac caa cat gtt 
Leu He Arg Met Ala Glu Ala Glu Met Val He Hie His Gin His Val 
3140 3145 3150 



9574 



caa gat tgt gat gaa tea gtt ctg acc agg ctg gag gca tgg etc act 
Gin Asp Cys Asp Glu Ser Val Leu Thr Arg Leu Glu Ala Trp Leu Thr 
3155 3160 3165 



9622 



gag cac gga tgt gac aga ctg aag agg atg gcg gtg agt gga gac gac 
Glu His Gly Cys Asp Arg Leu Lys Arg Met Ala Val Ser Gly Asp Asp 
3170 3175 3180 



9670 



tgt gtg gtc egg ccc ate gat gac agg ttc ggc ctg gcc ctg tec cat 
Cys Val Val Arg Pro He Asp Asp Arg Phe Gly Leu Ala Leu Ser His 
3185 3190 3195 3200 



9718 



etc aac gcc atg tec aag gtt aga aag gac ata tct gaa tgg cag cca 
Leu Asn Ala Met Ser Lys Val Arg Lys Asp He Ser Glu Trp Gin Pro 
3205 3210 3215 



tea aaa ggg tgg aat gat tgg gag aat gtg ccc ttc tgt tec cac cac 
Ser Lys Gly Trp Asn Asp Trp Glu Asn Val Pro Phe Cys Ser His His 
3220 3225 3230 



9814 



ttc cat gaa eta cag ctg aag gat ggc agg agg att gtg gtg cct tgc 
Phe His Glu Leu Gin Leu Lys Asp Gly Arg Arg He Val Val Pro Cys 
3235 3240 3245 



9862 



cga gaa cag gac gag etc att ggg aga gga agg gtg tct cca gga aac 
Arg Glu Gin Asp Glu Leu He Gly Arg Gly Arg Val Ser Pro Gly Asn 
3250 3255 3260 

ggc tgg atg ate aag gaa aca get tgc etc age aaa gcc tat gcc aac 
Gly Trp Met He Lys Glu Thr Ala Cys Leu Ser Lys Ala Tyr Ala Asn 
3265 3270 3275 3280 

atg tgg tea ctg atg tat ttt cac aaa agg gac atg agg eta ctg tea 
Met Trp Ser Leu Met Tyr Phe His Lys Arg Asp Met Arg Leu Leu Ser 
3285 3290 3295 



ttg get gtt tec tea get gtt ccc acc tea tgg gtt cca caa gga cgc 
Leu Ala Val Ser Ser Ala Val Pro Thr Ser Trp Val Pro Gin Gly Arg 
3300 3305 3310 



10054 



aca aca tgg teg att cat ggg aaa ggg gag tgg atg acc acg gaa gac 
Thr Thr Trp Ser He His Gly Lys Gly Glu Trp Met Thr Thr Glu Asp 
3315 3320 3325 



10102 



atg ctt gag gtg tgg aac aga gta tgg ata acc aac aac cca cac atg 
Met Leu Glu Val Trp Asn Arg Val Trp He Thr Asn Asn Pro His Met 
3330 3335 3340 

cag gac aag aca atg gtg aaa aaa tgg aga gat gtc cct tat eta acc 
Gin Asp Lys Thr Met Val Lys Lys Trp Arg Asp Val Pro Tyr Leu Thr 
3345 3350 3355 3360 



aag aga caa gac aag ctg tgc gga tea ctg att gga atg acc aat agg 
Lys Arg Gin Asp Lys Leu Cys Gly Ser Leu He Gly Met Thr Asn Arg 
3365 3370 3375 



10246 



gcc acc tgg gcc tec cac ate cat tta gtc ate cat cgt ate cga acg 
Ala Thr Trp Ala Ser His He His Leu Val He His Arg He Arg Thr 
3380 3385 3390 



10294 



ctg att gga cag gag aaa tac act gac tac eta aca gtc atg gac agg 



10342 
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Leu lie Gly Gin Glu Lya Tyr Thr Asp Tyr Leu Thr Vol Met Asp Arg 
3395 3400 3405 

tat tct gtg gat get gac ctg caa ctg ggt gag ctt ate tgaaecacca 10391 
Tyr Ser Vol Asp Ala Asp Leu Gin Leu Gly Glu Leu lie 
3410 3415 3420 

tctaacagga ataaceggga tacaaaccac gggtggagaa ccggactccc cacaacctga 10451 

aacegggata taaaccaegg ctggagaacc gggctccgca cttaaaatga aacagaaacc 10511 

gggataaaaa etaeggatgg agaaceggae tccacacatt gagacagaag aagttgtcag 10571 

cccagaaccc cacacgagtt ttgccactgc taagctgtga ggcagtgcag gctgggacag 10631 

ccgacctcca ggttgcgaaa aacctggttt ctgggacctc ccaccccaga gtaaaaagaa 10691 

cggagcctcc gctaccaccc tcccacgtgg tggtagaaag aeggggtcta gaggttagag 10751 

gagaccctcc agggaacaaa tagtgggacc atattgaege cagggaaaga ccggagtggt 10811 

tetctgettt tcctccagag gtctgtgagc acagtttget caagaataag cagacctttg 10871 

gatgacaaac acaaaaccac t 10892 



<210> SEQ ID HO 13 
<211> LENGTH: 3421 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: derived from Japanese Encephalitis virus and 
Yellow Fever virus 

<400> SEQUENCE: 13 

Met Ser Gly Arg Lys Ala Gin Gly Lys Thr Leu Gly Val Asn Met Val 
15 10 15 

Arg Arg Gly Val Arg Ser Leu Ser Asn Lys lie Lys Gin Lys Thr Lys 
20 25 30 

Gin lie Gly Asn Arg Pro Gly Pro Ser Arg Gly Val Gin Gly Phe He 
35 40 45 

Phe Phe Phe Leu Phe Asn He Leu Thr Gly Lys Lys He Thr Ala His 
50 55 60 

Leu Lys Arg Leu Trp Lys Met Leu Asp Pro Arg Gin Gly Leu Ala Val 
65 70 75 80 

Leu Arg Lys Val Lys Arg Val Val Ala Ser Leu Met Arg Gly Leu Ser 
85 90 95 

Ser Arg Lys Arg Arg Ser His Asp Val Leu Thr Val Gin Phe Leu He 
100 105 110 

Leu Gly Met Leu Leu Met Thr Gly Gly Met Lys Leu Ser Asn Phe Gin 
115 120 125 

Gly Lys Leu Leu Met Thr He Asn Asn Thr Asp He Ala Asp Val He 
130 135 140 

Val He Pro Thr Ser Lys Gly Glu Asn Arg Cys Trp Val Arg Ala He 
145 150 155 160 

Asp Val Gly Tyr Met Cys Glu Asp Thr He Thr Tyr Glu Cys Pro Lys 
165 170 175 

Leu Thr Met Gly Asn Asp Pro Glu Asp Val Asp Cys Trp Cys Asp Asn 
180 185 190 

Gin Glu Val Tyr Val Gin Tyr Gly Arg Cys Thr Arg Thr Arg His Ser 
195 200 205 

Lys Arg Ser Arg Arg Ser Val Ser Val Gin Thr His Gly Glu Ser Ser 
210 215 220 

Leu Val Asn Lys Lys Glu Ala Trp Leu Asp Ser Thr Lys Ala Thr Arg 
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225 



230 



235 



240 



Tyr Leu Met Lys Thr Glu Asn Trp lie lie Arg Asn Pro Gly Tyr Ala 
245 250 255 

Phe Leu Ala Ala Val Leu Gly Trp Met Leu Gly Ser Asn Asn Gly Gin 
260 265 270 

Arg Val Val Phe Thr lie Leu Leu Leu Leu Val Ala Pro Ala Tyr Ser 
275 280 285 

Phe Asn Cyo Leu Gly Met Gly Asn Arg Asp Phe He Glu Gly Ala Ser 
290 295 300 

Gly Ala Thr Trp Val Asp Leu Val Leu Glu Gly Asp Ser Cys Leu Thr 
305 310 315 320 

He Met Ala Asn Asp Lys Pro Thr Leu Asp Val Arg Met He Asn He 
325 330 335 

Glu Ala Ser Gin Leu Ala Glu Val Arg Ser Tyr Cys Tyr His Ala Ser 
340 345 350 

Val Thr Asp He Ser Thr Val Ala Arg Cys Pro Thr Thr Gly Glu Ala 
355 360 365 

His Asn Glu Lys Arg Ala Asp Ser Ser Tyr Val Cys Lys Gin Gly Phe 
370 375 380 

Thr Asp Arg Gly Trp Gly Asn Gly Cys Gly Phe Phe Gly Lys Gly Ser 
385 390 395 400 

He Asp Thr Cys Ala Lys Phe Ser Cys Thr Ser Lys Ala He Gly Arg 
405 410 415 

Thr He Gin Pro Glu Asn He Lys Tyr Lys Val Gly He Phe Val His 
420 425 430 

Gly Thr Thr Thr Ser Glu Asn His Gly Asn Tyr Ser Ala Gin Val Gly 
435 440 445 

Ala Ser Gin Ala Ala Lys Phe Thr Val Thr Pro Asn Ala Pro Ser Val 
450 455 460 

Ala Leu Lys Leu Gly Asp Tyr Gly Glu Val Thr Leu Asp Cys Glu Pro 
465 470 475 480 

Arg Ser Gly Leu Asn Thr Glu Ala Phe Tyr Val Met Thr Val Gly Ser 
485 490 495 

Lys Ser Phe Leu Val His Arg Glu Trp Phe His Asp Leu Ala Leu Pro 
500 505 510 

Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg Asn Arg Glu Leu Leu Met 
515 520 525 

Glu Phe Glu Gly Ala His Ala Thr Lys Gin Ser Val Val Ala Leu Gly 
530 535 540 

Ser Gin Glu Gly Gly Leu His His Ala Leu Ala Gly Ala He Val Val 
545 550 555 560 

Glu Tyr Ser Ser Ser Val Met Leu Thr Ser Gly His Leu Lys Cys Arg 
565 570 575 

Leu Lys Met Asp Lys Leu Ala Leu Lys Gly Thr Thr Tyr Gly Met Cys 
580 585 590 

Thr Glu Lys Phe Ser Phe Ala Lys Asn Pro Val Asp Thr Gly His Gly 
595 600 605 

Thr Val Val He Glu Leu Ser Tyr Ser Gly Ser Asp Gly Pro Cys Lys 
610 615 620 

He Pro He Val Ser Val Ala Ser Leu Asn Asp Met Thr Pro Val Gly 
625 630 635 640 

Arg Leu Val Thr Val Asn Pro Phe Val Ala Thr Ser Ser Ala Asn Ser 



645 



650 



655 
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Lys Val Leu Val Glu Met Glu Pro Pro Phe Gly Asp Ser Tyr lie Val 
660 665 670 

Val Gly Arg Gly Asp Lys Gin lie Asn His His Trp His Lys Ala Gly 
675 680 685 

Ser Thr Leu Gly Lys Ala Phe Ser Thr Thr Leu Lys Gly Ala Gin Arg 
690 < 695 700 

Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser lie Gly Gly 
705 710 715 720 

Val Phe Asn Ser lie Gly Arg Ala Val His Gin Val Phe Gly Gly Ala 
725 730 735 

Phe Arg Thr Leu Phe Gly Gly Met Ser Trp lie Thr Gin Gly Leu Met 
740 745 750 

Gly Ala Leu Leu Leu Trp Met Gly Val Asn Ala Arg Asp Arg Ser lie 
755 760 765 

Ala Leu Ala Phe Leu Ala Thr Gly Gly Val Leu Val Phe Leu Ala Thr 
770 775 780 

Asn Val Gly Ala Asp Gin Gly Cys Ala lie Asn Phe Gly Lys Arg Glu 
785 790 795 800 

Leu Lys Cys Gly Asp Gly lie Phe lie Phe Arg Asp Ser Asp Asp Trp 
805 810 815 

Leu Asn Lys Tyr Ser Tyr Tyr Pro Glu Asp Pro Val Lys Leu Ala Ser 
820 825 830 

lie Val Lys Ala Ser Phe Glu Glu Gly Lys Cys Gly Leu Asn Ser Val 
835 840 845 

Asp Ser Leu Glu His Glu Met Trp Arg Ser Arg Ala Asp Glu lie Asn 
850 855 860 

Ala lie Phe Glu Glu Asn Glu Val Asp He Ser Val Val Val Gin Asp 
865 870 875 880 

Pro Lys Asn Val Tyr Gin Arg Gly Thr His Pro Phe Ser Arg He Arg 
885 890 895 

Asp Gly Leu Gin Tyr Gly Trp Lys Thr Trp Gly Lys Asn Leu Val Phe 
900 905 910 

Ser Pro Gly Arg Lys Asn Gly Ser Phe He He Asp Gly Lys Ser Arg 
915 920 925 

Lys Glu Cys Pro Phe Ser Asn Arg Val Trp Asn Ser Phe Gin He Glu 
930 935 940 

Glu Phe Gly Thr Gly Val Phe Thr Thr Arg Val Tyr Met Asp Ala Val 
945 950 955 960 

Phe Glu Tyr Thr He Asp Cys Asp Gly Ser He Leu Gly Ala Ala Val 
965 970 975 

Asn Gly Lys Lys Ser Ala His Gly Ser Pro Thr Phe Trp Met Gly Ser 
980 985 990 

His Glu Val Asn Gly Thr Trp Met He His Thr Leu Glu Ala Leu Asp 
995 1000 1005 

Tyr Lys Glu Cys Glu Trp Pro Leu Thr His Thr He Gly Thr Ser Val 
1010 1015 1020 

Glu Glu Ser Glu Met Phe Met Pro Arg Ser He Gly Gly Pro Val Ser 
1025 1030 1035 1040 

Ser His Asn His He Pro Gly Tyr Lys Val Gin Thr Asn Gly Pro Trp 
1045 1050 1055 



Met Gin Val Pro Leu Glu Val Lys Arg Glu Ala Cys Pro Gly Thr Ser 
1060 1065 1070 
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Val lie lie Asp Gly Asn Cys Asp Gly Arg Gly Lys Ser Thr Arg Ser 
1075 1080 1085 

Thr Thr Asp Ser Gly Lys Val lie Pro Glu Trp CyB Cys Arg Ser CyB 
1090 1095 1100 

Thr Met Pro Pro Val Ser Phe His Gly Ser Asp Gly Cys Trp Tyr Pro 
1105 1110 1115 1120 

Met Glu lie Arg Pro Arg Lys Thr His Glu Ser His Leu Val Arg Ser 
1125 1130 1135 

Trp Val Thr Ala Gly Glu lie His Ala Val Pro Phe Gly Leu Val Ser 
1140 1145 1150 

Met Met lie Ala Met Glu Val Val Leu Arg Lys Arg Gin Gly Pro Lys 
1155 1160 1165 

Gin Met Leu Val Gly Gly Val Val Leu Leu Gly Ala Met Leu Val Gly 
1170 1175 1180 

Gin Val Thr Leu Leu Asp Leu Leu Lys Leu Thr Val Ala Val Gly Leu 
1185 1190 1195 1200 

His Phe His Glu Met Asn Asn Gly Gly Asp Ala Met Tyr Met Ala Leu 
1205 1210 1215 

lie Ala Ala Phe Ser He Arg Pro Gly Leu Leu He Gly Phe Gly Leu 
1220 1225 1230 

Arg Thr Leu Trp Ser Pro Arg Glu Arg Leu Val Leu Thr Leu Gly Ala 
1235 1240 1245 

Ala Met Val Glu He Ala Leu Gly Gly Val Met Gly Gly Leu Trp Lys 
1250 1255 1260 

Tyr Leu Asn Ala Val Ser Leu Cys lie Leu Thr He Asn Ala Val Ala 
1265 1270 1275 1280 

Ser Arg Lys Ala Ser Asn Thr He Leu Pro Leu Met Ala Leu Leu Thr 
1285 1290 1295 

Pro Val Thr Met Ala Glu Val Arg Leu Ala Ala Met Phe Phe Cys Ala 
1300 1305 1310 

Met Val He He Gly Val Leu His Gin Asn Phe Lys Asp Thr Ser Met 
1315 1320 1325 

Gin Lys Thr He Pro Leu Val Ala Leu Thr Leu Thr Ser Tyr Leu Gly 
1330 1335 1340 

Leu Thr Gin Pro Phe Leu Gly Leu Cys Ala Phe Leu Ala Thr Arg He 
1345 1350 1355 1360 

Phe Gly Arg Arg Ser He Pro Val Asn Glu Ala Leu Ala Ala Ala Gly 
1365 1370 1375 

Leu Val Gly Val Leu Ala Gly Leu Ala Phe Gin Glu Met Glu Asn Phe 
1380 1385 1390 

Leu Gly Pro He Ala Val Gly Gly Leu Leu Met Met Leu Val Ser Val 
1395 1400 1405 

Ala Gly Arg Val Asp Gly Leu Glu Leu Lys Lys Leu Gly Glu Val Ser 
1410 1415 1420 

Trp Glu Glu Glu Ala Glu He Ser Gly Ser Ser Ala Arg Tyr Asp Val 
1425 1430 1435 1440 

Ala Leu Ser Glu Gin Gly Glu Phe Lys Leu Leu Ser Glu Glu Lys Val 
1445 1450 1455 

Pro Trp Asp Gin Val Val Met Thr Ser Leu Ala Leu Val Gly Ala Ala 
1460 1465 1470 

Leu His Pro Phe Ala Leu Leu Leu Val Leu Ala Gly Trp Leu Phe His 
1475 1480 1485 



Val Arg Gly Ala Arg Arg Ser Gly Asp Val Leu Trp Asp He Pro Thr 
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1490 1495 1500 

Pro Lys lie lie Glu Glu Cys Glu His Leu Glu Asp Gly lie Tyr Gly 
1505 1510 1515 1520 

lie Fhe Gin Ser Thr Phe Leu Gly Ala Ser Gin Arg Gly Val Gly Val 
1525 1530 1535 

Ala Gin Gly Gly Val Phe His Thr Met Trp His Val Thr Arg Gly Ala 
1540 1545 1550 

Phe Leu Val Arg Asn Gly Lys Lys Leu lie Pro Ser Trp Ala Ser Val 
1555 1560 1565 

Lys Glu Asp Leu Val Ala Tyr Gly Gly Ser Trp Lys Leu Glu Gly Arg 
1570 1575 1580 

Trp Asp Gly Glu Glu Glu Val Gin Leu lie Ala Ala Val Pro Gly Lys 
1585 1590 1595 1600 

Asn Val Val Asn Val Gin Thr Lys Pro Ser Leu Phe Lys Val Arg Asn 
1605 1610 1615 

Gly Gly Glu lie Gly Ala Val Ala Leu Asp Tyr Pro Ser Gly Thr Ser 
1620 1625 1630 

Gly Ser Pro lie Val Asn Arg Asn Gly Glu Val lie Gly Leu Tyr Gly 
1635 1640 1645 

Asn Gly lie Leu Val Gly Asp Asn Ser Phe Val Ser Ala lie Ser Gin 
1650 1655 1660 

Thr Glu Val Lys Glu Glu Gly Lys Glu Glu Leu Gin Glu lie Pro Thr 
1665 1670 1675 1680 

Met Leu Lys Lys Gly Met Thr Thr Val Leu Asp Phe His Pro Gly Ala 
1685 1690 1695 

Gly Lys Thr Arg Arg Phe Leu Pro Gin lie Leu Ala Glu Cys Ala Arg 
1700 1705 1710 

Arg Arg Leu Arg Thr Leu Val Leu Ala Pro Thr Arg Val Val Leu Ser 
1715 1720 1725 

Glu Met Lys Glu Ala Phe His Gly Leu Asp Val Lys Phe HLb Thr Gin 
1730 1735 1740 

Ala Phe Ser Ala His Gly Ser Gly Arg Glu Val lie Asp Ala Met Cys 
1745 1750 1755 1760 

His Ala Thr Leu Thr Tyr Arg Met Leu Glu Pro Thr Arg Val Val Asn 
1765 1770 1775 

Trp Glu Val lie lie Met Asp Glu Ala His Phe Leu Asp Pro Ala Ser 
1780 1785 1790 

He Ala Ala Arg Gly Trp Ala Ala His Arg Ala Arg Ala Asn Glu Ser 
1795 1800 1805 

Ala Thr He Leu Met Thr Ala Thr Pro Pro Gly Thr Ser Asp Glu Phe 
1810 1815 1820 

Pro His Ser Asn Gly Glu He Glu Asp Val Gin Thr Asp He Pro Ser 
1825 1830 1835 1840 

Glu Pro Trp Asn Thr Gly HiB Asp Trp He Leu Ala Asp Lys Arg Pro 
1845 1850 1855 

Thr Ala Trp Phe Leu Pro Ser He Arg Ala Ala Asn Val Met Ala Ala 
1860 1865 1870 

Ser Leu Arg Lys Ala Gly Lys Ser Val Val Val Leu Asn Arg Lys Thr 
1875 1880 1885 

Phe Glu Arg Glu Tyr Pro Thr He Lys Gin Lys Lys Pro Asp Phe He 
1890 1895 1900 



Leu Ala Thr Asp He Ala Glu Met Gly Ala Asn Leu Cys Val Glu Arg 
1905 1910 1915 1920 
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Val Leu Asp Cys Arg Thr Ala Phe Lys Pro Val Leu Val Asp Glu Gly 
1925 1930 1935 

Arg Lys Val Ala lie Lys Gly Pro Leu Arg lie Ser Ala Ser Ser Ala 
1940 1945 1950 

Ala Gin Arg Arg Gly Arg lie Gly Arg Asn Pro Asn Arg Asp Gly Asp 
1955 1960 1965 

Ser Tyr Tyr Tyr Ser Glu Pro Thr Ser Glu Asn Asn Ala His His Val 
1970 1975 1980 

Cys Trp Leu Glu Ala Ser Met Leu Leu Asp Asn Met Glu Val Arg Gly 
1985 1990 1995 2000 

Gly Met Val Ala Pro Leu Tyr Gly Val Glu Gly Thr Lys Thr Pro Val 
2005 2010 2015 

Ser Pro Gly Glu Met Arg Leu Arg Asp Asp Gin Arg Lys Val Phe Arg 
2020 2025 2030 

Glu Leu Val Arg Asn Cys Asp Leu Pro Val Trp Leu Ser Trp Gin Val 
2035 2040 2045 

Ala Lys Ala Gly Leu Lys Thr Asn Asp Arg Lys Trp Cys Phe Glu Gly 
2050 2055 2060 

Pro Glu Glu His Glu lie Leu Asn Asp Ser Gly Glu Thr Val Lys Cys 
2065 2070 2075 2080 

Arg Ala Pro Gly Gly Ala Lys Lys Pro Leu Arg Pro Arg Trp Cys Asp 
2085 2090 2095 

Glu Arg Val Ser Ser Asp Gin Ser Ala Leu Ser Glu Phe lie Lys Phe 
2100 2105 2110 

Ala Glu Gly Arg Arg Gly Ala Ala Glu Val Leu Val Val Leu Ser Glu 
2115 2120 2125 

Leu Pro Asp Phe Leu Ala Lys Lys Gly Gly Glu Ala Met Asp Thr lie 
2130 2135 2140 

Ser Val Phe Leu His Ser Glu Glu Gly Ser Arg Ala Tyr Arg Asn Ala 
2145 2150 2155 2160 

Leu Ser Met Met Pro Glu Ala Met Thr lie Val Met Leu Phe lie Leu 
2165 2170 2175 

Ala Gly Leu Leu Thr Ser Gly Met Val He Phe Phe Met Ser Pro Lys 
2180 2185 2190 

Gly He Ser Arg Met Ser Met Ala Met Gly Thr Met Ala Gly Cys Gly 
2195 2200 2205 

Tyr Leu Met Phe Leu Gly Gly Val Lys Pro Thr His He Ser Tyr Val 
2210 2215 2220 

Met Leu He Phe Phe Val Leu Met Val Val Val He Pro Glu Pro Gly 
2225 2230 2235 2240 

Gin Gin Arg Ser He Gin Asp Asn Gin Val Ala Tyr Leu He He Gly 
2245 2250 2255 

He Leu Thr Leu Val Ser Ala Val Ala Ala Asn Glu Leu Gly Met Leu 
2260 2265 2270 

Glu Lys Thr Lys Glu Asp Leu Phe Gly Lys Lys Asn Leu He Pro Ser 
2275 2280 2285 

Ser Ala Ser Pro Trp Ser Trp Pro Asp Leu Asp Leu Lys Pro Gly Ala 
2290 2295 2300 

Ala Trp Thr Val Tyr Val Gly He Val Thr Met Leu Ser Pro Met Leu 
2305 2310 2315 2320 



His His Trp He Lys Val Glu Tyr Gly Asn Leu Ser Leu Ser Gly He 
2325 2330 2335 
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Ala Gin Ser Ala Ser Val Leu Ser Phe Met Asp Lys Gly lie Pro Phe 
2340 2345 2350 

Met Lys Met Asn lie Ser Val lie Met Leu Leu Val Ser Gly Trp Aon 
2355 2360 2365 

Ser lie Thr Val Met Pro Leu Leu Cys Gly lie Gly Cys Ala Met Leu 
2370 2375 2380 

His Trp Ser Leu lie Leu Pro Gly lie Lys Ala Gin Gin Ser Lys Leu 
23B5 2390 2395 2400 

Ala Gin Arg Arg Val Phe His Gly Val Ala Lys Asn Pro Val Val Asp 
2405 2410 2415 

Gly Asn Pro Thr Val Asp lie Glu Glu Ala Pro Glu Met Pro Ala Leu 
2420 2425 2430 

Tyr Glu Lys Lys Leu Ala Leu Tyr Leu Leu Leu Ala Leu Ser Leu Ala 
2435 2440 2445 

Ser Val Ala Met Cys Arg Thr Pro Phe Ser Leu Ala Glu Gly lie Val 
2450 2455 2460 

Leu Ala Ser Ala Ala Leu Gly Pro Leu lie Glu Gly Asn Thr Ser Leu 
2465 2470 2475 2480 

Leu Trp Asn Gly Pro Met Ala Val Ser Met Thr Gly Val Met Arg Gly 
2485 2490 2495 

Asn His Tyr Ala Phe Val Gly Val Met Tyr Asn Leu Trp Lys Met Lys 
2500 2505 2510 

Thr Gly Arg Arg Gly Ser Ala Asn Gly Lys Thr Leu Gly Glu Val Trp 
2515 2520 2525 

Lys Arg Glu Leu Asn Leu Leu Asp Lys Arg Gin Phe Glu Leu Tyr Lys 
2530 2535 2540 

Arg Thr Asp He Val Glu Val Asp Arg Asp Thr Ala Arg Arg His Leu 
2545 2550 2555 2560 

Ala Glu Gly Lys Val Asp Thr Gly Val Ala Val Ser Arg Gly Thr Ala 
2565 2570 2575 

Lys Leu Arg Trp Phe His Glu Arg Gly Tyr Val Lys Leu Glu Gly Arg 
2580 2585 2590 

Val He Asp Leu Gly Cys Gly Arg Gly Gly Trp CyB Tyr Tyr Ala Ala 
2595 2600 2605 

Ala Gin Lys Glu Val Ser Gly Val Lys Gly Phe Thr Leu Gly Arg Asp 
2610 2615 2620 

Gly His Glu Lys Pro Met Asn Val Gin Ser Leu Gly Trp Asn He He 
2625 2630 2635 2640 

Thr Phe Lys Asp Lys Thr Asp He His Arg Leu Glu Pro Val Lys Cys 
2645 2650 2655 

Asp Thr Leu Leu Cys Asp He Gly Glu Ser Ser Ser Ser Ser Val Thr 
2660 2665 2670 

Glu Gly Glu Arg Thr Val Arg Val Leu Asp Thr Val Glu Lys Trp Leu 
2675 2680 2685 

Ala Cys Gly Val Asp Asn Phe Cys Val Lys Val Leu Ala Pro Tyr Met 
2690 2695 2700 

Pro Asp Val Leu Glu Lys Leu Glu Leu Leu Gin Arg Arg Phe Gly Gly 
2705 2710 2715 2720 

Thr Val He Arg Asn Pro Leu Ser Arg Asn Ser Thr His Glu Met Tyr 
2725 2730 2735 

Tyr Val Ser Gly Ala Arg Ser Asn Val Thr Phe Thr Val Asn Gin Thr 
2740 2745 2750 



Ser Arg Leu Leu Met Arg Arg Met Arg Arg Pro Thr Gly Lys Val Thr 
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2755 2760 2765 

Leu Glu Ala Asp Val lie Leu Pro lie Gly Thr Arg Ser Val Glu Thr 
2770 2775 2780 

Asp Lys Gly Pro Leu Asp Lys Glu Ala lie Glu Glu Arg Val Glu Arg 
2785 2790 2795 2800 

lie Lys Ser Glu Tyr Met Thr Ser Trp Phe Tyr Asp Asn Asp Asn Pro 
2805 2810 2815 

Tyr Arg Thr Trp His Tyr CyB Gly Ser Tyr Val Thr Lys Thr Ser Gly 
2820 2825 2830 

Ser Ala Ala Ser Met Val Asn Gly Val lie Lys lie Leu Thr Tyr Pro 
2835 2840 2845 

Trp Asp Arg lie Glu Glu Val Thr Arg Met Ala Met Thr Asp Thr Thr 
2850 2855 2860 

Pro Phe Gly Gin Gin Arg Val Phe Lys Glu Lys Val Asp Thr Arg Ala 
2865 2870 2875 2880 

Lys Asp Pro Pro Ala Gly Thr Arg Lys lie Met Lys Val Val Asn Arg 
2885 2890 2895 

Trp Leu Phe Arg His Leu Ala Arg Glu Lys Asn Pro Arg Leu Cys Thr 
2900 2905 2910 

Lys Glu Glu Phe lie Ala Lys Val Arg Ser His Ala Ala lie Gly Ala 
2915 2920 2925 

Tyr Leu Glu Glu Gin Glu Gin Trp Lys Thr Ala Asn Glu Ala Val Gin 
2930 2935 2940 

Asp Pro Lys Phe Trp Glu Leu Val Asp Glu Glu Arg Lys Leu His Gin 
2945 2950 2955 2960 

Gin Gly Arg Cys Arg Thr Cys Val Tyr Asn Met Met Gly Lys Arg Glu 
2965 2970 2975 

Lys Lys Leu Ser Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala lie Trp 
2980 2985 2990 

Tyr Met Trp Leu Gly Ala Arg Tyr Leu Glu Phe Glu Ala Leu Gly Phe 
2995 3000 3005 

Leu Asn Glu Asp His Trp Ala Ser Arg Glu Asn Ser Gly Gly Gly Val 
3010 3015 3020 

Glu Gly lie Gly Leu Gin Tyr Leu Gly Tyr Val lie Arg Asp Leu Ala 
3025 3030 3035 3040 

Ala Met Asp Gly Gly Gly Phe Tyr Ala Asp Asp Thr Ala Gly Trp Asp 
3045 3050 3055 

Thr Arg lie Thr Glu Ala Asp Leu Asp Asp Glu Gin Glu lie Leu Asn 
3060 3065 3070 

Tyr Met Ser Pro His His Lys Lys Leu Ala Gin Ala Val Met Glu Met 
3075 3080 3085 

Thr Tyr Lys Asn Lys Val Val Lys Val Leu Arg Pro Ala Pro Gly Gly 
3090 3095 3100 

Lys Ala Tyr Met Asp Val lie Ser Arg Arg Asp Gin Arg Gly Ser Gly 
3105 3110 3115 3120 

Gin Val Val Thr Tyr Ala Leu Asn Thr lie Thr Asn Leu Lys Val Gin 
3125 3130 3135 

Leu He Arg Met Ala Glu Ala Glu Met Val He His His Gin His Val 
3140 3145 3150 

Gin Asp Cys Asp Glu Ser Val Leu Thr Arg Leu Glu Ala Trp Leu Thr 
3155 3160 3165 

Glu His Gly Cys Asp Arg Leu Lys Arg Met Ala Val Ser Gly Asp Asp 
3170 3175 3180 
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CyB Val Val Arg Pro lie Asp Asp Arg Phe Gly Leu Ala Leu Ser Hie 
3185 3190 3195 3200 

Leu Asn Ala Met Ser Lye Val Arg Lys Asp lie Ser Glu Trp Gin Pro 
3205 3210 3215 

Ser Lys Gly Trp Asn Asp Trp Glu Asn Val Pro Phe Cys Ser His His 
3220 3225 3230 

Phe His Glu Leu Gin Leu Lys Asp Gly Arg Arg lie Val Val Pro Cys 
3235 3240 3245 

Arg Glu Gin Asp Glu Leu lie Gly Arg Gly Arg Val Ser Pro Gly Asn 
3250 3255 3260 

Gly Trp Met lie Lys Glu Thr Ala Cys Leu Ser Lys Ala Tyr Ala Asn 
3265 3270 3275 3280 

Met Trp Ser Leu Met Tyr Phe His Lys Arg Asp Met Arg Leu Leu Ser 
3285 3290 3295 

Leu Ala Val Ser Ser Ala Val Pro Thr Ser Trp Val Pro Gin Gly Arg 
3300 3305 3310 

Thr Thr Trp Ser lie His Gly Lys Gly Glu Trp Met Thr Thr Glu Asp 
3315 3320 3325 

Met Leu Glu Val Trp Asn Arg Val Trp lie Thr Asn Asn Pro His Met 
3330 3335 3340 

Gin Asp Lys Thr Met Val Lys Lys Trp Arg Asp Val Pro Tyr Leu Thr 
3345 3350 3355 3360 

Lys Arg Gin Asp Lys Leu Cys Gly Ser Leu lie Gly Met Thr Asn Arg 
3365 3370 3375 

Ala Thr Trp Ala Ser His He His Leu Val He His Arg He Arg Thr 
3380 3385 3390 

Leu He Gly Gin Glu Lys Tyr Thr Asp Tyr Leu Thr Val Met Asp Arg 
3395 3400 3405 

Tyr Ser Val Asp Ala Asp Leu Gin Leu Gly Glu Leu He 
3410 3415 3420 



<210> SEQ ID NO 14 
<211> LENGTH: 21 
<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and West Nile 
virus 

<400> SEQUENCE: 14 

cactgggaga gcttgaaggt c 21 



<210> SEQ ID NO 15 

<211> LENGTH: 25 

<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and West Nile 
virus 

<400> SEQUENCE: 15 

aaagccagtt gcagccgcgg tttaa 25 



<210> SEQ ID NO 16 

<211> LENGTH: 21 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue- 1 
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virus 



<400> SEQUENCE: 16 



aaggtagact ggtgggctcc c 



21 



<210> SEQ ID NO 17 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Derived from Yellow Fever viruB and Dengue-1 



<210> SEQ ID NO 18 

<211> LENGTH: 21 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue-2 
virus 

<400> SEQUENCE: 18 

aaggtagatt ggtgtgcatt g 21 



<210> SEQ ID NO 19 
<211> LENGTH: 26 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Derived from Yellow Fever virus and Dengue— 2 
virus 

<400> SEQUENCE: 19 

aaccctcagt accacccgcg gtttaa 26 



<210> SEQ ID NO 20 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue- 3 
virus 

<400> SEQUENCE: 20 

aaggtgaatt gaagtgctct a 21 



<210> SEQ ID NO 21 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue- 3 
virus 

<400> SEQUENCE: 21 

acccccagca ccacccgcgg tttaa 25 



<210> SEQ ID NO 22 

<211> LENGTH: 21 

<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue-4 



virus 



<400> SEQUENCE: 17 



gatcctcagt accaaccgcg gtttaa 



26 



virus 
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<400> SEQUENCE: 22 



aaaaggaaca gttgttctct a 



21 



<210> SEQ ID NO 23 
<211> LENGTH: 25 
<2 12> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Dengue-4 
virus 

<400> SEQUENCE: 23 

acccgaagtg tcaaccgcgg tttaa 25 



<210> SEQ ID NO 24 
<211> LENGTH: 21 
<2 12> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and St. Louis 
Encephalitis virus 

<400> SEQUENCE: 24 

aacgtgaata gttggatagt c 21 



<210> SEQ ID NO 25 

<211> LENGTH: 25 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Pever virus and St- Louis 
Encephalitis virus 

<400> SEQUENCE: 25 

accgttggtc gcacccgcgg tttaa 25 



<210> SEQ ID NO 26 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Murray 
Valley Encephalitis virus 

<400> SEQUENCE: 26 

aatttcgaaa ggtggaaggt c 21 



<210> SEQ ID NO 27 
<211> LENGTH: 26 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Murray 
Valley Encephalitis virus 

<400> SEQUENCE: 27 

gaccggtgtt tacagccgcg gtttaa 26 



<210> SEQ ID NO 28 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virUB and Tick-Borne 
Encephalitis virus 
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<400> SEQUENCE: 28 

tactgcgaac gacgttgcca c 21 

<210> SEQ ZD NO 29 
<211> LENGTH: 25 
<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Derived from Yellow Fever virus and Tick-Borne 
Encephalitis virus 

<400> SEQUENCE: 29 

actgggaacc tcacccgcgg tttaa 25 



What is claimed is: 

1. A chimeric live, infectious, attenuated virus, compris- 20 
ing: 

a yellow fever virus in which the nucleotide sequence 
encoding a prM-E protein is either deleted, truncated, 
or mutated so that functional yellow fever virus prM-E 
protein is not expressed, and 25 

integrated into the genome of said yellow fever virus, a 
nucleotide sequence encoding a prM-E protein of a 
second, different flavi virus, to that said prM-E protein 
of said second flavivirus is expressed, wherein the 
capsid protein of said chimeric virus is from yellow 30 
fever virus. 

2. The chimeric virus of claim 1, wherein said second 
flavivirus is a Japanese Encephalitis (IE) virus. 

3. The chimeric virus of claim 1, wherein the nucleotide 
sequence encoding the prM-E protein of said, second, dif- 35 
ferent flavivirus replaces the nucleotide sequence encoding 
the prM-E protein of said yellow fever virus. 

4. The chimeric virus of claim 1, wherein said nucleotide 
sequence encoding said prM-E protein of said second, 
different flavivirus comprises a mutation that prevents prM 40 
cleavage to produce M protein. 

5. The chimeric virus of claim 1, wherein the NS2B-3- 
protease recognition site and the signal sequences and 
cleavage sites at the C/prM and E/NS1 junctions are main- 
tained in construction of said chimeric virus. 45 

6. The chimeric virus of claim 1, wherein said second 
flavivirus is a Murray Valley Encephalitis virus. 

7. The chimeric virus of claim 1, wherein said second 
flavivirus is a St. Louis Encephalitis virus. 

8. The chimeric virus of claim 1, wherein said second 50 
flavivirus is a West Nile virus. 



9. The chimeric virus of claim 1, wherein said second 
flavivirus is a Tick-borne Encephalitis virus. 

10. The chimeric virus of claim 1, wherein the signal 
sequence at the C/prM junction is maintained in construction 
of said chimeric virus. 

11. A method of preventing or treating Japanese encepha- 
litis virus infection in a patient, said method comprising 
administering to said patient a chimeric, live, infectious, 
attenuated virus comprising: 

a yellow fever virus in which the nucleotide sequence 
encoding a prM-E protein is either deleted, truncated, 
or mutated so that functional yellow fever virus prM-E 
protein is not expressed, and 

integrated into the genome of said yellow fever virus, a 
nucleotide sequence encoding a prM-E protein of Japa- 
nese encephalitis virus strain SA-14-14-2 or Japanese 
encephalitis virus strain Nakayama, wherein the capsid 
protein of said chimeric virus is from yellow fever 
virus. 

12. The method of claim 11, wherein the nucleotide 
sequence encoding the prM-E protein of said Japanese 
encephalitis virus replaces the nucleotide sequence encoding 
the prM-E protein of said yellow fever virus. 

13. The method of claim 11, wherein said nucleotide 
sequence encoding said prM-E protein of said Japanese 
encephalitis virus comprises a mutation that prevents prM 
cleavage to produce M protein. 

14. The method of claim 11, wherein the NS2B-3 protease 
recognition site and the signal sequences and cleavage sites 
at the C/prM and E/NS1 junctions are maintained in con- 
nection of said chimeric virus. 

* * * * * 
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